Approved For Release 2002/06/17 : CIA-RDP78B04747A002500040003-8

Declass Review by NIMA/DOD

STATINTL




o X fsf??«::f‘fi;": RO

 Approved For Release 2002/06/17 : CIA-RDP78B04747A002500040003-8

~ FINAL REPORT
-of - |

Contract : STATINTL

‘ FEASIBILITY STUDY TO DETERMINE THE UTILIZATION ‘
"-GF A DIPOLAR SUSPENSION FOR A LIGHT AMPL IFY ING SCREEN

Period from Maréh“I, 1965 to August 31, 1965

STATINTL

_V'Approv'ed For Release 2002/06/17 : CIA-RDP78B04747A002500040003-8 '



}

Ll

[RY!

Section

AL

Oow

E.
G,

Eegd VLN N ]

F.

TABLE OF CONTENTS

B “{NTRODUCT ION

Foreword

Background

Concepts

The Photoion Dipole Effect

The Single Layer Photodipole Suspension

The Two-Layer Photoion-Dipole Suspension

. Two-Layer Photoconductive Rod Matrix Layer
and Dipole Layer - o o

. 5, Oriented Photoconductive Dipole Layer

Dipole_Matefials

- Photodipolar Materialé
Photoion References

PHOTOION DIPOLE

The Photoion Effect

AL S . | .
‘B. Mathematical-Physics of the Photoion Effect
' (a) Introduction |
~(b) lon Mobility - Table
{c) Symbols _ ‘ .
(d) Operating Conditions and Equations
_ (e) Examples .
€. - Experimental Work
1. Work Program
Z. Equipment '
3. Test Results
- D.. . Conclusions o
E. Further Work Program
PHOTOD IPOLES
A, Object
B. Discussion :
C. Photodipolar Materials
D, Experimental Work
E. Mathematical-Physics
(a) Symbols
(b) Equations
(C): Example
F.. Conclusions o
G. - Further Work Program

: Approvéd. For Release _2-002/06/17 : CIA-RDP78BO4747A002500.040003-8

The Sing]e:Layer Photoion-Dipole Suspension

- Approved For Release 2002/06/17 CIA-RDP78B04747A002500040003-8 |

-
k:.
®

OO O NOE

Ry

QOO  ~d Ol UTUI A e



" 'Approved For Release 2002/06/17 : CIA-RDP78B04747A002500040003-8

TABLE OF CONTENTS (2)

-
)
Section : | : Page
v PHOTOCONDUCT IVE ROD MATRIX LAYER |
~ A.  Objects | o e
B. Description : - : ' 1
C. Materials 2
D. Mathematical~- Physucs = _
(a) symbols , oo | 3
(b) Equations . _ 3
E. Exper imental Work
(a) Work Program -5
(b) Test Results 7
F. Conclusions. ‘ S 9
G.  Further Work Program . _ 10
. V: 'ORiENTED DIPOLE PHUTOCONDUCTIVE LAYER
q"ﬁ . - . A.  Description 1
- - ' . B Discussion 2
R ' C. Further Work Program 3
VI QUESTIONS AND ANSWERS
Vi1 REFERENCES
VI FIGURES
| IX  APPENDIX
STATINTL :
A. - Proposal
“B. Questions
. VARAD
D. TECOM Films
)

Appro\'le‘d‘For Release 2002/06/17 CIA-RDP78BO4747A00'2500040003-8.



Approved For Release 2002/06/17 : CIA-RDP78B04747A002500040003-8

TAB

Approved For Release 2002/06/17 : CIA-RDP78B04747A002500040003-8



STATINTL
STATINTL

STATINTL

-

L :,“‘* .
wy .

Approved For Reléase 2002/06/17 : CIA-RDP78B04747A002500040003-8

| INTRODUCT ION

A,  Foreword

This is a Final Report on work performed on our

Projett covering period from March 1, 1965 to August 31,
1965, in accordance with our Proposal Appendix A
herew?th.

| The objective of the present contract is to determine
the feasibility of utitizing a dipolar suspension in the de-
velopment of an advanced rear projection screen or light
anpl ifier. To aid in making this determination, certain gques-

tions were propounded which are set forth in Appendix B herewith,

"in our Proposal bottom of page 4, our

Work Program was divided into two phases as follows:

Phase Ifwill include the studies of the dipolar
photoionic phenomena to establish the necessary parameters.

Phase |{ will comprise the construction and test of a
system shown in Figure 1.

On page 5 it is stated that the work on Phase | will
continue for six months, but it is hqped that at the end of four
or five mpnths progress will be sufficient to make a demons tra-
tion based on Figure 1.

Iin the course of the present prdgram, an initial
period of about three months was required to assemble the elec-
tronic equipment and make it operational, run initial tests
and educate the project personnel.

A literature survey of photoion materials was made.
Sources of supply for certain available photoionic materials
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were located and many of these materials were acquired in
readinéss for our tests.

To establish a theoretical basis for the experimental
study of the phofoionic dipolar effect, a mathematical-physics
. study was commenced and completed.

Only about two months were left for actual exper imental
studies of the photoionic effect. The photoionic effect was
discovered as predicted. The experimental data shows that the
order of magnitude of the discovered photoion effect is in
accord with theoretical predictions. It was shown that ultra-
yviolet light decreases the initial applied electric field .in- .
tensity across a photoion layer, to approximately zero. It
was predicted that dipolar particles suspended in the photoion
layer would be modulated by the ihcident ultraviolet light
intensity because of the corresponding'decrease in the electric
intensity across the layer. This modulation effect was also
observed on the last days work on the program.

Concurrently with the above work, certain approaches for
accomplishing the same result were briefly investigated., These
other approaches are considered in Sections 111, IV and V.

Thus, the photoion effect and the photoion-dipolar effect
have been shown to exist., These effects constitute a new large
brancn of Electro-optics,rand exper imental work on this. problem
can only be'said to have commenced.

The work on the initial Phase | evidently could not be

completed in terms of available time and money. Phase |
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should,'therefore, be extended for at least énother s ix months
and funded Fbr this perfodAto experimentally determine the
parameters for an optimum photoion dipolar combination.. When
thisAinFormation is avaiiable, Phase || can be undertaken.

It is premature to fully answer all of the questions in
Appendix B. However, the answers to the questions in Section VI
are based upoﬁ present state of the theoretical and exper imental
knowledge gained thus far on this project. Some of the questions
are definitely answered. The answer to the other questions

can only be given after further work.
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B. Background

The background literature on photoions is given in
part G of this Section.

The photoion dipolar concept developed as 8 result

of the familiarity of the personnel

with both concepts, led to a proposal (Appendix A) which

resulted in this contract.
The historical development of the dipolar concept

presently known as VARAD is treated in Appendix C.

_ C. Concepts
The photoion dipolar screen combines two separate

concepts:

(1) Dipole Effect - Control of 1fght by the orienta-

tion of dipoles,

(2) Photoion Effect - Photoions produced by uv light

‘are separated electrically, and modify the electric ficiu,

(3) Coupling effects (1) and (2).

D. The Photoionic Dipole Effect

A coupling of the photoionic effect and the dipole
effects, using a uv image to modulate visible light by changing

the orientation of the dipoles, may be accomplished by:

(1) The Single Laver Photoion-Dipo?e'Suspensions
The dipole suspension and photoions are present
in a single fluid layer and ﬁhe photoions influence the orienta-
tion of the dipoles in an electric field. The photoions are

separated to more or less shield the applied electric field

Approved For Release 2002/06/17 : CIA-RDP78B04747A002500040003-8




Approved For Release 2002/06/17 5C_IA-RDP78BO4747A002500040003-8

causing the orientation of the dipoles within the layer to be
modulated by the presence of the uv image.

in a single layer photoion-dipole suspenéion, the
compatibility of the dipole and the photoionic solute must be
considered. These must not react chemically, which might cause
a degradation, or a lessening of the efficiehcy of either the
photoionic solute or the dipole suspension.

Examples of chemically inert dipoles are.(é) dipolar
metallic rods such as chromium-dipole rods; and (b) metal
vapor coated submicron alumina or silica monox ide whisker
filaments. Work on these inert dipolar materials is presently
being undertaken. |

Consider a fluld layer containing a photoion solute
and metal dipoles in'suspension. When an ultraviolet light
pulse arrives, positive and negative jons are produced within
~the fluid. |If also an electric field is applied, the metallic
- dipolés take on induced positivé and negative charges at opposite
ends, and the photoions move to neutralize the dharged ends of
the dipole. An electric current passes through the metal dipole
as the ions discharge the ends of the dipoles. Photoions will
‘decrease in number and, therefore, fewer will be available to
travel to the opposite faces of the VARAD cell to neutral ize
the electric field,

Thus the presence of metallic dipolés will have an
effect similar to that of increasing the recombination rate

of the dipoles and will tend to reduce the magnitude of the

Approved For Release 2002/06/17 : CIA-RDP78BO4747A002500040003-8
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shielding effect. This effect will tend to becomé more pro-
nounced for high concentrations of dipoles. In dilute sus-
pensions where the dipoles are far apart, there will be less
-tendency for this effect to occur. At the same time the

discharge of the charged ends of the dipole will decrease the

turning torque which Is equivalent to the shielding effect,

On the other hand, with dielectric dipoles, no current
passes through the dipoles. The photoions neutralize the
induced potential on the dipole and prevent the dipoles from
reacting with the electric field. With die]ectric"d?po]eS"t’
may not be necessary to depend upon the shielding of the nnternal
electric field by charge separation to the surfaces of the
photoion-dipole layer. Shielding will occur on the induced
charges of the dipoles by the attachment of available local
photoions. This produces a more rapid and complete shielding.

There will be an upper limiting frequency to dipole ion
shielding effect because the mobility of the ifons is small.
The AC field reversal is too rapid, the photoions cannot move
towards and away from the dipole ends quickly enough to shield

eFFectively.

2. The Single Layer Photodipole Suspension

The dipoles in suspension in a single fluid layer
are photodipoles whose conductivity varies with the intensity
of thé incident light, thereby directly controlling the orienta-
tion in an ultrahigh frequency alternating electric field.

The photo&ipole includes both the photolon effect and the dipole
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effect in a single particle, This Is the most sophisticated
and preferred method.

(3) The Two-layer Photoion/Dipole Suspens ion

- The photoion solute is contained in one layer,
and the dipole suspénsion is In a second layer, The two layers
are separated by a transparent insulating sheet. An electric
field is applied across both layers. When the transparent
photoion layer is illuminated, ions separate, The change
in the electric field is induced by the motion and separation
of charges in the photoion layer. As the electric field

.

strength across the dipole layer is increased, the dipoles
increase their orientation.

(4) Iwo-Layer Photoconductive Rod Matrix Layer and Dipole Layer

This device is also a two-layer system. The photo-
responsive layer is a solid state device comprising rods and
photdconduéfive material held within the transparent matrix.

When illuminated with uv light, the resistivity of the photo-
conductive rods is decreased and the voltage across the dipole
layer is increased thereby increasing its transmission. This
device presents fabrication engineering problems but its electro-
optical characteristics can be predicted on the basis of

engineering design,

Approved For Release 2002/06/17 : CIA-RDP78B04747A002500040003-8
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5. Orjented Photoconductive Dipole Layer

This is also a solid state photoresponsive layer

- containing zinc oxide crystals embedded in the transparent
matrix and permanently oriented normal to the layer surface,
The resistivity of the zinc oxide crystals decreases when
illuminated by uv light., If the accicular crystal is about
1/3 of a wavelength of light in length and about 1/30 of

a wavelength of light in width, then visible light will be
fran<mitted through the layer. Incident uv light will be
absorbed where it passes through the zinc oxide crystals.,
The zinc oxide crystal is present in high concentration.

It is a solid state device possessing no apparent graininess
and thus high resolution Is attainable with little or no

degradation,
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E. Dipole Materlals

Dipoles may comprise:

(1) Metallic (conducting)

(2) Dielectric (non-conducting)

(3) Semiconductors

These include dichroic crystal needles such as
herapathite which contain linear polyiodide chains.

F. Photodipolar Materials

The photodipoles comprise semiconducting crystal-
whiskers. Examples are:

(1) Photoconductive Whiskers - The COﬂdUétiMLEﬁm i

of certain crystal whisker materials increases when illuminated
with visible or ultraviolet light, For example:

(a) Silicon and germanium form crystal whiskers,
the conductivity of which increases when illuminated with
visiblerlight;

(b) Zinc oxide forms crystal whiskers, the
conductivity of which increases when illuminated with uv
Iight..

(2) Photovoltaic Whiskers:- These develop a potential

difference along the whiskers when illuminated by ultraviolet
light., As an example, zinc sul fide becomes conducting and

photovol taic when illuminated by uv light.

Approved For Release 2002/06/17 : CIA-RDP78B04747A002500040003-8
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- G. Photbion References

Various references relating to photoions are listed
in Section VIIIlI. These references have been reviewed for their
pertinence to the present project.

Photoions may be produced from polymers‘.

Photovoltaic solar energy converters2 rely upon the
production of photoions. In reference 2, Figure |, there is
shown electron hole pairs in semiconductors with various energy
gaps starting with 2.25 electron volts. In each case the number
of electron hole pairs generated is obtained under the assumption

v wic” existence of an abrupt absorption edge with complete, ab-

sorption on the'high energy side, For example, for the energy

‘spectrum of the sun on a bright, ctear day at sea level, an

energy gap of 2.25 electron volts corresponds to approximately
0.53 microns wavelength. At shorter wavelengths than this down
to 0.3 microns in the ultraviolet, d@pproximately 5.8 to 10]6
electron hole pairs/cmz-sec are generated by éunlight.

The number of electron hole pairs generated due to
ultraviolet light from 0.3 to 0.4 microns, which includes most of
the ultraviolet spectrum of the sun, is of the order of ﬁ = 10]6
electron-hole pairS/cmz-sec which can be used as a measure of
comparison for ultraviolet flux.

An estimate of the expected efficiency of conversion of

the photon energy to electron hole pairs for the quantum effic-

iency, may be obtained from this reference. For example, Figure 14

of this reference shows that for an energy gap of 3 or 3.5 electron

volts corresponding to the ultraviolet light of an average wave-

length of about 0.37 microns, the collection efficiency Is of the
Approved For Release 2002/06/17 : CIA-RDP78B04747A002500040003-8
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order of 75 to 80% with two trap {eveis and about 50% with
1 trap level in thé forbidden gap.

A photoVo}tage has been observed at the interface between
germanium and electrolyte3. This observation may have a bearing
on the production of photodipoles, discussed |n Section 41,

There are many studies of the role of light in photosynthesis.
Interesting summaries of the work in this field and a bibl iography
are given in referenceé 4 and 5. In photosynthesis there are
chemical structures which convert light photon energy to electrical
charges which are then utilized to produce chemical changes,
Possibly some of these compounds or their homologues may be used
to produce photoions.

There are manyrsfmple substances which produce photoions.

One such is hydrogen iodide6’7.
The quantum. yield was determined for the wavelengths 2070,
2530 and 28208, and found to be approximately 2, and a!so.Found to
*hold for wavelengths slightly greater than 3,000R. |
CstX3-crysta158 with perovskite structure are photoconductive,
CstCI3 having its maximum spectral sensitivity in the violet,
CstVr3 in the blue to greenlregion'and Csti3 in the red region,
that is the spectral region which is complémentary to the colous
of the crystals,

9 may absorb a photon and

Certain crystals such as anthracene
send an electron into the solution leaving'aAmobile hole in the
crystal which can move through the crystal to the opposite crystal
face to be discharged. It is shown that small amounts of certain
dyes dissolve In the solution and sensitize the photoconduction
of the anthracene on the positive side, there being no effect on

the eget Ve Fifiese YOEIBA 7 UiR rWTHEDE FHUBSERGRAIE VS the
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in the graph Figure 3 p. 308 of fhe reference. This reference also
states the conclusion on p. 309 és follows:

"in conclusion it seems that for all observed effects
of the dye (the increase in.if and i- in the absorption
region of anthracene and also the generation of a new photo-
sensitive region at longer wavelengths) the dye has to Ee
electronically exited. As outlined above this may happen in
threé ways: D = dye;A = anthracene;A*, D* denote excited singlet
states):

1) by absorption of incident light:

D + hy, = D* , (1)
. 11) by absorption of crystal fluorescence:

A= by, = A% ' _ (2)

A% o A + hyg B (3)
D - hwy - D* | : (%)
I11) by radiationless energy transfer from the excited
crystal: | |
- A+ by, = A¥ | g {5)
A+ Do A+ D - (6)

In_all three cases the excited dye subsequeht}y abstracts an

electron from anthracene (oxidation):

D* - A - D + AT, (7)

leading to mobile holes in the crystal observable as a current

in the outer circuit.

The assumption that the dye acts in the same way in all
three cases Is further supported by the action of small amounts

of iodine, which enhance the effect of the dye in all three cases.

Approved For Release 2002/06/17 : CIA-RDP78BO4747A002500040603-8
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In cases | and || the dye is (Optfca!ly) excited to a
singlet state and the same will therefore be true for the
third case (energy transfer). This does not mean that the
final reaction (electron transfer) takes place between the
dye in its excited singlet state and the crystal. ‘xn fact
it is wel} known that photochemical reactions with dyes often

proceed through the excited triplet state of the dye. The

"positive effect of iodine on the dye sensitized photocurrent

fits well into this scheme and can be interpreted as a result

of an increased rate of singlet-to-triplet internal conversion

‘of the dye induced by the heavy iodine molecules which are - -rm

adsorbed together with the dye at the crystal surface."

Much of our work on the voltage divider effect (Section IV)
was done_with zinc oxide crystals. We have also proposed the
use of zinc oxide crystals as possible photodipoles. Certain
of the optical and eleétrical propérties of Zinc oxide crystals
are givenlo but pertinent information is lacking.

Dye sensitized photoresponse in organic semiconductors
are,describedll; in particular, there is described the organic
photo-semiconductor copper phenylacetylide (PAC) and various
dyes which are capable of photosensitizing this material.

An important refert&ance]2 describes the photoelectrié
effects of polymers and their sensitizers by dopants. A
moét important finding shows that the presence of a donor (D)
acceptor (A) interactions play a decisive role for the photo-

induced generation of charge carriers according to:

Approved For Release 2002/06/17 : CIA-RDP78B04747A002500040003-8



“ Approved For Release 2002/06/17 . pj,A-RDP‘7'8BO47‘47A002500040003-’8

light -
DA <  D+A- ~ (8)

p-Type conduction may be postulated With D-hosts are doped
with A-impurities, which act as electron traps, and an
exchange of positive charges (holes) between excess D
molecules take place. In the reverse case n-fype conduction with
trappfng of holes and migration of.electrons may be postulated.

About 100 compounds are listed in this article and lists
of donors and acceptor compounds are given. These are mostly
ﬂu\fiple benzene ring compounds with various side constituenté
which render them either donorjor acceptors. Many such com-
pounds may be dissolved, and utilized in solution for the pro-
duction of photoions. (See Section {I)

13-28 _c1ating to photo-

There is a large patent literature
conductive layers used for electrophotography. This literature
contains abundant references to photoconductive polymeric com-
pounds and dye-sensitizers therefor]Bf‘#.

The known photosensitive chemical compounds, polymers
and dye sensitizers form a fruitful field for the investigation
of compounds which may prove suitable for the production of
photoions. Several hundred compounds are listed in these refer-
15-28

ences In our experimental work, some of these (For example,
polyvinyl carbazol), have proven to be suitable for the production

of photoions. (Section II)
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Reference 29 states:

"The absorption and reflection of radiation by an inorganic
semiconductor may be enhanced by the choice of an ultraviolet
absorber used in combination with the inorganic material.
Resorcinol is an excellent ul traviolet-absorbing material,
and in additijon is an inexpensive, exceptionally stable

material. Current_theories predict _that under excited conditions

the resorcinol will absorb radiation in its characteristic

absorption region and transmit the excitation to produce some

- __~carriers in the photoconducting zinc oxide layer. Since

we will initially have a minimum number of free carriers in

the oxide layer, the excitation should shift the reflection

‘T’ edge into the visible region, without creating a reflection

minimum, "

The presence of resorcinol in the zinc oxide layer may
increase the conductance of the layer.

Resorcinol should also be tried in the photoionic cell.

«
b - N
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i FHOTOION DIPOLE

A. The Photoion Effect

Figure 2 shows a cross section of a cell adapted
for displaying the photoionic effect. Ultraviolet light 7
is supplied in the form of a pulse 10 having a time duration t,
and an intensity 1. It is assumed that the pulse is rec-
tangular, |
| An electric pulse 8 is supplied starting at time t,
and ending at time tj. This shows that the ultraviolet light
Lul.e*10 and the electric pulse 8 need not have the same start-
ing time nor the same time duration. Time is figured as 0 at the
onset of the light pulse. At a time t, the voltage pulse starts.
At a time t the 1ight pulse ends. At a time t3 the.voltage
pulse ends. In certain cases it may be desirable to start the
voltage pulse simultaneously with the light pulse fn which case
t, |
Referring to Figure 3 the potential distribution
acrdss the space between the traasparent electrodes 5 and 6 is
chown. The electrode 5 is assumed to be at zero potential and
the voltage pulse is applied to the electrode 6 with a positive
potehtial. This causes the negatively charged particles 20
to be attracted toward the electrode 6 and the positively
charged particles 21 attracted toward the grounded transparent
electrode 5. The negative ions eventually are stopped at the
surface BE. BE is the inner surface of the plate 3 which is

coated with an increasing concentration of negative charges 22,

Approved For Release 2002/06/17 : CIA-RDP78BO4747A002500040003-8
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vy .t denregs the potonitiz o oon

QZ,U o B, to V2;t at L.

in o similar manner pos b charges Z1ostard coatina the

curface of the FC with posicive ~harges 23 and thus incies

the pmtentiai From VB,O at , to Va,t ar_F. Thus the oves
“difierence between the curfaces EB and FC will decrease fhoisy

is shown»by the smaller slope of the 1ine EF which means &
decreased electric field intensity across the dipolar suspension,
compared to the initially strong electric field gradient as

shown by the greater slope of the line BC which corresponds ‘u
the initial electric intensity.

Owing to the motion of the charges, the negative charges 24
are distributed in space and the positive charges 25 are alen
distributed in space. However, since the mobility of the
negative chargés, particularly if they are free electrons in-
stead of negative ions, is greater than that of the positive
charges, there will be a different variation of negative snace
density than that of positive space charge density. In fact the
buildup of negative charges on the surface BE will be more
rapid than the buildup of positive charges on the surface FC,
and the positive charges will remain distributed throughout
the solution for a longer period of time than the negative
charges

Anotrer Factor influencing the unequal distribution of
positive and negative charges across the di:tance from Z = 0

to z = o s the exponentiai_absorptiﬂn ot ine ultraviolet !ig!

Approved For Release 2002/06/17 : CIA-RDP78B04747A002500040003-8
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in the dipole medium 30. initial intensity at z = 0 is |
and the light.intensity falls off to |, at a distance z from
the surface EB, as shown in Figure 3.

The light intensity varies exponentlally from z = 0 to
z - d. It is assumed that the plate 3 is of quartz and that
attenuation of ultraviolet light is negligible therein.

It is also assumed that the dipole suspension 30 contains
ultraviolet absorbing molecules which will produce at least
90 to 99% ultraviolet absorption. This is necessary in order
to have an efficient utilization of the ultraviolet light
imted®ity. In such case most of the photoions will be produced
in the layers closest to the surface EB, and form few photoions
in the dipolar suspension close to the surface FC.

Initially the positive and negative charges are equal in
numbers in any given layer of solution and the space.charge
will be zero; hence, the potential distribution line BC will
be a straight line as shown. The line FE is also straight
when the positive and negative charges are entirely swept
from the solution and deposited on the surfaces as charges 22
and 23 respectively. However, in the meantime the curve will
be an S curve similar to that shown as EJGKF. Point G will
not be equidistant between the surface EB and FC but closer
to the surface EB.

The physical parameters of the problem can be ass igned
numer ical values which are known from the literature. For

example, a table of ionic mobilities is given in Section 11-B(b).

Approved For Release 2002/06/17 : CIA-RDP78B04747A002500040003-8
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Figure 2 shows a cross section of a photoion layer
between laminated glass sheets, each laminate containing a
transparent conducting layer,

Figure 3 shows the potential distribution across the space
between the transparent electrodes of Figure 2.

Figure 4 shows that the ultraviolet pulse on the dipole cell
layer is absorbed exponentially. The photoions initially have an
exponential distribution in space.

Figure 5 shows dynamic conditions within a photoion layer.

. The charge density and velocity of positive and negative ions

are shown entering and leaving a photoion layer of thickneséwéﬁwf
at a distance z from one face of the photoion layer,

Figure 6 shows electric surface charge density and current
density versus time in é.photoion cell subjected to a square
voltage'pulse and a square uv light pulse,

Figure 7 shows the e%perimental setup for the study of the
photoion effect.

Initially the capacitance per unit area of the system in-
cludes the photoion layer 1, and the two glass layers 2 and 3,

After the photoions have been formed, and migrate to the
surfaces of the layer 1, the voltage field across 1 is can-
celled and the entire voltage appears across the glass sheets 2
and 3. In effect, | has become a conductor. Because the
capacitance per unit area increases from €y to o, the charge
per unit area on the transparent conductors 4 and 5 increases
from Q;, to Q;, in the time t_ required for the photoions to

migrate to the surfaces of the layer 1,

Approved For Release 2002/06/17 : CIA-RDP78B04747A002500040003-8
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It is assumed that a DC pulse is initially applied-across
the transparent conductlive layers and that this DC pulse is
not sufficient by itself to cause the photolons to break down,

The DC pulse is applied for an initial period sufficient to

_establish a charge Q;; on the transparent conductors. At this

point, a light pulse 6 is applied. The light pulse as.N photons
which produce a sufficient number of photoions, so that when
these migrate to the surface of the photoion layers, a zero
field is established within the photoion layer.

In effect, the photoion layer is thus replaced by a con- .
ductor. Opposite charges now appear on both sides of the glass
layers, and the maximum field is across the glass layers with
no field across the photoion layer.

The photofonic solutes must not react with the herapathite
or other_dipole suspensions. It is preferable for the photoionic
solute to be dissolved in the dipole fluid. However, in the
event that there is a reaction, the tandem cell technique may

be used.

“Approved For Release 2002/06/17 : CIA-RDP78B04747A002500040003-8
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B. MATHEMATICAL-PHYSICS OF THE PHOTOION EFFECT

(a) Introduction

A_theofetical mathematical study is presented
herein which is a result of several months of effort to consider
the interrelationships of the parameters on the-bas%; of - kaown
physical laws. These laws have been applied to the present
probTem and new equations interrelating the parameters have
been derived. Now that these new equations are available, they
have indicated a procedure for evaluating the parameters which
are important to the photbion effect. Moreover, it now beqpmes
possible to Comﬁare the experimental results with the orderwéfw.fw
magnitude of results predicted by theory. It is also now poss-
ible to identify the species of ion by actually measuring the
mobility of the ions concerned.

With reference to the ion mobilities, the theory
has been derived on the simplest basis and, therefore, must be
considered to be only a first approximation. The actual'dB;éFQed
variations‘wifl probably be more complicated thén those which have
been predicted on the simple assumptions herein made because, in
general there will be a positively charged ion and a negatively
charged ion and their mobilities are usually different, in some
cases by several orders of magnitude, depending upon thg chemical
nature of the photoion.

In the search for species of photoions which may
prove useful for this effect, these may be compared with the

standards herein derived to enable a choice to be made amongst

Approved For Release 2002/06/17 : CIA-RDP78B04747A002500040003-8
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‘?’ the various available materials which will be studied in the

course of this work.

This study has determined the relationship between

the following parameters concerned with photoion effect:

‘.

lon Velocity

Quantum Efficiency

Concentration of Photoion Molecules
Photoion Molecules/Unit Area

Initial and Final Capacitance/Unit Area

“Initial and Final Surface Charge Density

Initial Voltage Across the Photoion Layer
Photoion Pulse Duration

Photoion Pulse Current Density

Photoion Mobility

Extinction Constant of Photdion Solute

Proportion of Photoion Solute Molecules lonized

- Approved For Reléase 2002/06/1 7 : CIA-RDP78B04747A002500040003-8
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(b). 1ON MOBILITY

Units of Mobility

Approved For Release 2002/06/17 : CIA-RDP78B04747A002500040003-8

cgs mks
1 - cmzlvolt-sec. T mz/vo\t-sec.
1ON MOBILITY

lon 2 k )

m-/volt-sec.
10°8

Ht 32.0

OH~ 18.1

c1’ 6.9

Kt 6.6

Uit 3.6

Cu++ 3.1

Reference - Getman p. 484
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{c) Symbols

All units are mks, except as noted,

ag = thickness of glass layer - m

ap = thickness of photoion layer - m

o = (C,/Cyp) = (€ /C )

R = /(1 + o)

Cp = initial capacitance/m2 of photoiOﬁ layer Farads/m2
Cyy = initial capacitance/m2 of the ce]I Farads/m2

Cyp = final capaéitance/m2 of the cell Farads/m2

ng = capacitance/m2 of the glass layers Fara@s/m?

cg, = concentration of solute in gms/cm3

E = electric intensity wvolts/m

Ep = initial electric intensity in photoion layer volts/m
e = charge on the electron = 1,60 x 1072 coulombs

€q .= dielectric constant of glass layer

€ = 8.85 x 10°'2 farads/m

& = dielectric constant of photoion layer

€ = extinction constant of photoion solute to uv light

h = Plancks Constant = 6,6256 x 10-34 joule sec

i = current density - amps/m2

Kk = mobility in m2/volt sec. See Table

m = molecular weight

M = mass per unit area of active absorber (photoion solute)
Nog = incident photons/m2 in uv light pulse

N = light intensity of the light pulse in photons/mz-sec

Ns = photons/gm of photoion solute

N m Iincident photons/m2 in uv light pulse at distance z into

Approvegdpﬁp{m,qgsga'lggyOGM? : CIA-RDP78B04747A002500040003-8
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3

number of solute molecules/m

Avagadros Number = 6.02 x 1023 molecules/gm mol

number of solute molecules/m2 in the photoion layer
number of electron charges/m3 produced by a 1ight

pulse

electron charges/m2 produced by 1light pulse in the

photoion layer = n a,
proportion of photoion solute molecules which are
ionized to photoions

charge density - coulombs/m2

initiaf surface charge density on the transparénf
conductors coulombs/m2

final surface charge density on the transparent
conductors coulombs/m2

quahtum efficiency = p rS/N

time,sec

time duration of the light pulse

time for an ion to travel a distance apin an electric
field of intensity Ep

velocity of ion m/sec

total voltage across the transparent conductors = volts

initial potential difference across photoion layer - volts

initial potential difference across glass layer - volts

distance from one plane of the photoion layer

. Approved For Release 2002/06/17 : CIA-RDP78B04747A002500040003-8
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The mks units are most compatible with electrical
quantities. However, since the cgs units are presently used
Fof chemical quantities, initial derivations will be made in
the cgs éystem, and quantities essential for electrical cal-

culations will be converted to mks units.

Both systems will be used and consistent equations will

be derived as noted in each case.

- ~Approved For Release 2002/06/17 : CIA-RDP78B04747A002500040003-8
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(d) Operating Conditions and Equations

The initlal conditions are:

(1) A square pulse of voltage V appl ied across
the transparent electrodes. R

(2) The time constant of the cell and the feeder
circuit is short. As a result, the initial charge density
0y is quickly established on the transparent electrodes.

(3) The light pulse produces N photoions/mz, which
migrate to the fluid layer surfaces, and the surface charge
density on the photoion layer increases from Q;; to Qy, TR -
celling the potential difference across the photoion layer,

A voltage V is applied across the glass and fluid

‘7: - layers. VP is the initial voltage across the fluid layers

and.Vg is the initial voltage across the glass layers.
| Referring to Figure 6, the light pulse 6 forms
photoions, which migrate with a velocity U in the electric
field across the fluid, The electric potential difference
across the photoion layer is initially Vp and decreases to zero
as the photoions reach the layer surfaces and cancel the field
in thelfluid.
&

Approved For Release 2002/06/17 : CIA-RDP78BO4747A002500040003-8
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1. lon Velocity

The initial Instantaneous velocity of the ion is:

u = kEp = k (Vp/ap) _ (1

When equilibrium is established, the full
voltage V is applied across the glass layers only, and the
surface charge density Oy2 cancels the electric field within
the layer 1.

2. Quantum Efficiency

A light pulse of time duration tp supplies

3 capablé of be-

N photons/cmz. There are 7 molecules/cm
coming photoions upon absorbing a photon, and M a, mo!ecules/cm2
in the photoion layer, The photons are absorbed wifh a
quantum éfFiciency'u, by a proportion p of the layer of
photoion solutg molecules, producing n electrons and

3

n positive lons, which constitute n electron charges/cm”;

and n a, electrons/cmz in a photoion layer of thickness 2,

(2)

- == Y4l =
uN = naj  =p 3 = PN

When the uv light pulse intensity is ﬁ, and its

S

time aurétion is tp,_and the photoion solute concentration
g is such as to provide sufficlent molecules to be
ionfzed, these.ions travel in the electric field and reach
the photoion Iayer‘surfaces, thereupon causing substantial
caﬁcel]ation of the electric fleld within the photoion

layer. From (2), the relation of the final surface charge

_ Apprdved For Release 2002/06/17 : CIA-RDP78B04747A002500040003-8
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density Q‘2 to these variables is:
| Ojp =euN=ep7,

" The. intensity of the light pulse is N photonstmz-sec:
N = N/tp quanta/cmz-sec. |
Hence from (3) and (4):
PP

P
From (3)

The energy of uv light depends on the duration t
of the uv flash of intensity_&:

N=N-t
P

To create the photoions, the uv flash must:

(a) be a short fraction of the voltage pulse
time ty:

(b) a uv light of adequate intensity N and time
duration tp is applied before the voltage pulse. This
time tp must be much shorfer than the ion recombination

rate. To assure this:

<<
1:p to

From (6) and (7):
N = (i/ed) ch
The quantum effiéiency is:

M =
: VCg/Ne

- Approved For Release 2002/06/17 : CIA-RDP78B04747A002500040003-8
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In equation (11) the terms VCg are determined elec-
trically. The term N may be detefmined by observing the
response of a calibrated photoelectric cell to the intensity
ﬁ of the uv light flash, and the duration of the light flash

tP from.equation (8). With this data the quantum efficiency

"may now be calculated using a light flash intensity N and

duration tp such as to produce a zero voltage field within

the photoion layer.

3. Photoion Molecules/Unit Area

The solute has a molecular weight m, and a solute -
concentration c_. A mol is the molecular weight exprgsséd
in grams. Since ¥ is in molecules/mol and g is commonly
expressed as gms/cm3 = gms/ml, the number of solute

z .
molecules » per cm™ is:
n = (n/m)c, (molecules/m) (12)

From (12) the number of molecul’es/cm2 capable of
becoming photoions in a thickness ap is:
T, = (-no/m)_cS a

0 = (no/m)M (13)

L, Photons
From (2) and (13), the number of photons/cm2
required is:

(14)

N = (Tp/m)(n/u)cs ap

The required photons/gm of photoion'solute in the

layer may be obtained from (14):

' Apprc_)ved For Release 2002/06/17 : CIA-RDP78B04747A002500040003-8
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Ng = (N/c_ay) = (ny/m)(p/u) (15)
EE Concentration Solute

From (13):
c, = (m/no)(ﬁs/ap) (16)

The photoion concentration solufe g (in gms/cmz)
in terms of the final required surface charge density
Dy, in couiombs/cm2 to cancel the voltage difference
across the photoion layer is from (3) and (16):

cg = (1/e n ) (m/p) (Q,/a)) o (17)

Evaluating o in gms/cmB, 0pp in coulombs/cmz,

a, inm; and (1/m_e) = 1.04 x 107 (mol/coulomb)

p
= -5
c, = 1.04 x 10 (m/p)(olz/ap) (18)
6. Initial and Final Capacitance/unit area (mks)
Before the light pulse, in the absence of photo-
ions, the initial capacitance/unit area is Cyy- Initially

the fluid layer capacitance Cp and the glass layer capaci-
tance Cg,are in series.

When sufficient ions have migrated to cancel the
electric field across the photoion layer, the capacitance/m2

of the glass layers C9 equals the final capacitance/m2 of the

cell Cjp. The formula relating these initial capacitances is:
(17¢y) =.(1/cp) + (l/cg) (19)
Solving (19) for Cyye
= C_ C_/(C +C |
Cyy = Cg S ( g p) (20)

Approved For Release 2002/06/17 : CIA-RDP78BO4747A002500040003-8
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These capacitances are related to the dielectric.

constants, and the layer thicknesses as follows:

CIZ = Cg = Gg 60/2 ag

The change in capacitanc:e/m2 is from (20):

BC = Cjp - Cyy = Cg - Co/(Cg + Co)}

= r
aC = Cg {/r + (cp/cg)i}

tet |
R=1/r1 + (Cp/C)] = 1701 + a)
AC =.8 C]Z = R Cg
Case |
c, >> C g
8 =1 )
_ )
sC=cy )
case 11
¢ = <o -g
R =1/2 ;
BC = (1/2) ¢y )

Approved For Release 2002/06/17 : CIA-RDP78B04747A002500040003-8
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7. initial and Final Surface Charge Density

The final surface charge density le is related
to the Final capacitance (:12 = Cg across which the total
voltage V appears, as follows:
AOYZ = ch . : (29)

The change in surface charge density is, from (26):

AD = V& C = 13 ve, - ~ (30)

Initial charge density is from (29) and (30):

Oy = Qz - 80 = (1-R) VC | (3N
where

R = 1/{1 + @) . (32)

To evaluate n, use (28) and (29):

o = (cp/eg) (Zag/ap) (33)

Approved F_dr Release 2002/06/17 : CIA-RDP78B04747A002500040003-8
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8. Initial Voltage Across the Photoion Layer

The voltage V across the cell is the sum of
the voltage Vp across the photoion layer, and the vol tage
V9 across the glass layers:

= +V -
v Vg P . i

(Vp/V) =1 - (Vg/V)

From (36) and (37):
From (35) and (38):
(Vp/V) =1 - (CII/CIZ) ='AC/C]2
From (26) and (39):

Vo= Ay
P

9. Photoion Pulse Duration

The time t  for a photoion to travel a

P

distance ap in an electric field of intensity E =Vp/ap is:

to = ap/u

From (1), (40) and (41):
2
t, = (l/kR)(ap /V)

Approved For Release 2002/06/17 : CIA-RDP78B04747A002500040003-8
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10- Photoion Fulse Current Density

For the voltage across the photoion layer to
decrease to zero, a photoion charge per unit area O|2 mus t
be deposited on the photoion layer surfaces. The average

current density in amps/m2 is:
= 0y,/t, = Vet (43)

The current density versus time is dependent on:
(a) The time constant of the circuit during the
initial»charging_period including the capacitance Ciy-
(b) After the light pulse, on the mobility of
the ions produced. | |
The current density during phase (b) is; from (%2)
and {43): |

i = (kA) Cg (V/ap)2 | ()

11. Photoion Mobility

The mobi‘ity k depends on the species of ion
produced by the ultraviolet light.
For example, if hydroquinone is used, and a
free electron is absorbed by the solvent, then the
positively charged hydroquinine is a positive ion, and
the absorbed electron‘on the solute is the negative ion.
For example, if a hydrogen ion is produced, then

8

Kk 232 x 1078 m2/volt sec.; but if a negative €1~ ion is

produced, then k = 7 x 10-8. Since in most cases the

Approved For Release 2002/06/17 : CIA-RDP78B04747A002500040003-8
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‘7’ mechanism is presently unknown, thermobility should not be

| assumed but sﬁould be calculated based on an actual observa-
tion of the pulse length as well as the measurement of the
other factors in the equation. The mobility may be calculated

by solving equation (42) for k which then becomes:

i 2
f . k = (I/R)(ap /vt ) (45)

12. Extinction Constant of Photoion Sclute

The extinction con stant €, of the photoion solute
is defined as the wavelength X _ at which the photoion solute
strongly absorbs uv light, arbitrarily taken as a 1% trans-
mitténce‘FOr a photoion layer thickness ap in cm having a

photoion solute concentration Cg in gms/cmz. The units of

-’
? €, are then in cmz/gm. The mass per unit area of active absorber = M;
T = e-escsap = e-EsM (46)
In (1/T) = e ¢  a, = eM (47)
for T = 0.01 _
’ | = / = =
In ]OO b, 602 €. S ap eSM (48)

Experimentally plot T vs.'cs log-1inear paper for
knowh values of concentration and transmittance. On the
graph find Cg for a cell thickness ap, for T = 0.01,
from which:

€g = 4.602/ca & 46/M (49)

ApproVed For Release 2002/06/17: CIA-RDP78B04747A002500040003-8
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ié. Proportion p of Photoion Solute Molecules lonized

. The proportion p of the photoion solute molecules
ionized is calculated from (3):
P = Qe g
. From (29) and (50):
p = Vtg/e T
From (7), (13) and (49):

p = VCg/e (ﬂo/m)(4.6/es)

p = (1/4.6)(1/§ o) € m cg v
= 2.26 x 10-6 e m¢C_V

p=e- s g

\ 2
In (54) Cg is expressed in farads/cm

Approved For Release 2002/06/17 : CIA-RDP78B04747A002500040003-8
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14. Differential Electrodynamic Equatlons of the Photoion Layer

Equations have been set up to represent the conditions
Illustrated in Figure 5 -
| Ultraviolet light initially incident as a photon
density NO is related to the photon density N at a distance z

as follows:

~€ c.Z
N = Ne (55)
The concentration Cg of the photosensitive
molecules is adjusted to absorb 99% of S uv light, whatever
the energy.
The photoions initially produced by the uv lighg
pulse constitute an equal positive and negative charge
density. The positive and negative charge density depends
on the photons of uv light absorbed per unit volume.
pt = 0" = -eu (BN/32) (56)
From (55): :
-€.c.z
(3N/3z) = -e_c  N.e (57)
From (56) and (57):
+ - "€ .Cc.2
p. =0 = e €., uN, e | (58)
For z = 0
—4 = + = - .
| p=Dp,= 0, o, (59)
From (58) and (59)
P, = € ue, Cg N0 ' (60)

Approved For Release 2002/06/17 : CIA-RDP78B04747A002500040003-8
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The mobility k is:
k = u/E | (61)
The electric field intensity is:
E = 3v/3z | ' | (62)
The current comprises the motion of the positive
charge denﬁity with the m05i1ity k¥ in one direction,
and the motion of the negative charge density in the
other direction with the mobility k .
The current is also proportional to the electric
field intensity:

i = (pk + p 7K (Bv/32) ) - (63)

A charge density in space alters the electric field
potential with distance. The space charge equation,
known as Poisson's Fquation, relates the electric potential
versus distance to the space charge.

(azv/azz) = -n/¢€ | (&%)

'Eduation (6#4#) is the one-dimensional form of
Poisson's Equation which applies to a thin infinite
sheet such as the photoion layer, shown in Figuré 6.

The charge density comprises positive and negative
charges which co-exist. Initially, when a short, intense
uv flash is utilized, an equal number of pbsitive and
negative chafges exist in a unit volume. If the negative
charges are drawn off more quickly, a positive charge
densfty wlll develop. The net charge density is given

by the following formula:

Approved For Release 2002/06/17 : CIA-RDP78B04747A002500040003-8
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Negative

qF, ' n = D+.f

Negative

i

AP /bz

oo it

[

AP /bz

Comparin
Hence:
~r 3
and
ap+

From (64

N
current density at (z + 8z) = n (-u + Au’)

current density at z = p u
AMp u )bz

(n"bu” + u ap )Y/Az |

p” (su"/az) + (8z/8t)(8p /b2Z)
n (au”/8z) + dn/bt

k' p (BE/8z) + (ap/Dt)
’k‘p‘E

kK a (6E/BZ) + kE (ap~/Az)

g (71) and (73):

/3t = k E(3p /32)
Jat = kTE (ap+[az)
)

3n/d3t = 3p /3t - 3p /3t

From (64), (65) and (66):
ap/at = Tk (apt/az) - k' (3p /22)1E

From (6}

)y, (63) and (64):

SE/3z = -ple = ~(pT -~ n Ve
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The initial uv light quse is absorbed exponentially.
Hencé the initial charge distribution is exponential with
distanée into the layer, and equal numbers of positive and
negative charges are produced. The exponential constant

is the same as és the extinction constant.

The boundary conditions are:

- ) -€ C 2
(t=20
(n"=pn =0
(
( t = OO0

- Summarizing:

i

apt/at = kT (ant/32) E
an"/3t = k~ (3n /3z) E

ot - p7 = € (3E/3z) = € (3°V/32)

There are 5 variables n*, p ,E, z and t, 3 partial
differential equétions (81), (82) and (83) and 2
boundary conditions (73), (88@).

It appears that there are sufficient equations and
boundary‘condftions to arrive at a discreet solution to
this problem.

These differential equations establish the nature of

“i-j the problem and aid in understandfng the relationships

be tween the variables.

- .Approved For Release 2002/06/17 : CIA-RDP78BO4747A002500040003-8
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These equations will yield a solution for v = f(z)

for various values of k , k+, ¢_ and 0,

-]

Calculationswill be carried through using the equations
derived in the previous section to serve as a model and
standafd of comparison for calculations based on experiment,
The values chosen for these calculations will be those

used experimentally wherever possible.
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‘The mobility for the HT jon from the Table

10-8m2/v01t-sec.

a_ = 335 mits =.3'43 x 1073m spacing of fluid

=

a

€

-

€

Vv =

oW v o

Find-

(N
~A{2)
(3)

- : Solu
Cp/Cg

o =
.=
Ans - (1)
(2)

13 mlls =3.3 x 107

4m glass

5-21 dlelectrmc cons tant glasé

8, 68 dteiectrrc constant fFluid

103
g =
<

val ts vo}tage across cell

/(1 + o) whzre a = Cpfcg e

n farads/m . farads/cm2 and pf

iin gy ampsfcm2

tion

0.32

R =

C =

g

(3)

N

From

UR

o ‘ ‘_ . E ,
_‘(ep/eg)(Zag/ap)f(8.68/5.21)(2x3.3x10 _/3.43x10 )

1/(14) = 1/(1+.32) = 0,76

€ofg/2a, = 8.85x10" 1 2x5.21/2x3.3x10" "
12 farads/cm?

5

7.0 x 108 faradsfm2 or 7.0 x 10

7.0 pficmz

(1)

kRC (V[a )
32 x 10 gx 76 x 7x10-8(103/3.43 x 1073)
1.7 x 107" (2.92x10%)2 -

2

= V.7 x IO-‘*xS.SBxIO‘O

1.45 x‘iO-B ampsfm2 or 0.T45 uamps/cm2
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- Example 2

Given: The mobility for the H* from the Table
k =32 x lO-Bmz/volt~sec

a = 135 mils = 3.43 x 1073 m.spacing of Fluis

p .
3y = 13 mils = 3.3 x 10" *m glass
‘g = 5.21 dielectric constant glass
€& = 8.68 dielectric constant fluid

Y = 10° volts Voltage across cell

=.76

R
Find: Time duration of photoion pulse

Solution:

From (42)
2 ,uy
ty = (ke lw) o N
t, = T1/(32 x 107%)(0.76)17(3.43 x 1075)2/10%7

O

(1/24.32 x 1078)(11.8 x 107%)

i

4.9 x 10'2 seconds or 49 millisec0nds
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Example 3

"Given:  The mdbility for the H+ jon from the Table

k = 32 X 10-8 mz/volt-sec

'ap_='135 mils é'B.QS x 10 %m spacing. of Flgid'
aé = 13 m?Ys_= 3.3 x 107 % gfass ..
g = 5.21:dielectric'constant glass
€ = 8.68 dielectric constant fluid

Vo= 103 volts -voltage across cell”
- Find

: . 2 . " 2
{a) Cg in farads/m” and farads/cm
(b) 012 in co’uf-’ombs/m2 and a:ou!ombsx’cm2
.Sé}@tipns

From Example | o
v 8

(a) Cq = 7.0 x 10 Farads/mz'

{(b) From (29)
Q]Z Cg " - P _ . )
0y, = 10° x 7.0 x 107% = 7.0 x 107 coul ombs /m

or 7.0 x 1677 Coulombs/cmz
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g | L
: Example | | |
© glven: A strong uv absorver: - Z,Zfdihydroxy - h,4tdimethyl
| benzophendne'(UViNUL 490) |
Cé =OQ079m/cm3, -
Ap = 1.3 x legcm:(ligh;'path)
The abové CS and ap gfve rise to a transmission of
1% at 390my.
Find: |
: _ S . . 2
¢ - Extinction coefficient for Uvinul 490 in cm /gm
solution: From (17 )
log 100/1 = e_ x 0.07 x 1.3 x 1073
R PR, | =3
~ 2= x0.07 x 1.3 x 10 : .
e, = 2/1.3 x 1077 x 7 x 107 = 2/9.1 x 10
- 20 x 10%/9.1 = 2.2 x 10% = 22,000
o,
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Using a photoion solute having a molecular weight

m = 100, and the same value of €, as in Example 4:

a, = 12 mils (3.0 x 107%cm)

- Find:

ions

(a) Concentration
{b) Mo{eculés of photoion solute
Solution: |

(a) ¢, = log 1/T/a e = log 100/1 = 2/6.6 x 107
S , PSS 3T X 1o=2 x 2.2xt0

=3 x.1073 gm/cm3

{b) The number of moleculeé/cm21caﬁéb¥€ of becoming photo-

in,fhis example from (13) is:

3
l§

. (ro/m)*cs_ap =

2

‘3.
]

=(6x10%3/100) 3 x 1072 x 3 x 107

.6_x.1023_x 9 x‘10f7 = 54 x 7616

y
i

o

5.4 x 10'° molecules /cm?
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 Example 6

‘Glven; _
"The:same,data as iﬁNEkampTésﬁhrand 5, and :he additional
data: | | |
| Cé = 7.0 x iofa'Férad/m2
-12

=7 x 10 férads/cr_n2 or»7‘pffém2

Find: p

solution
”Futting theée values in (51): :

5 = VC /e - o o Ry S (85)
10> x 7.0 x 107'2/1.6 x 10719 x 5.4 x 10'> |
7.0 x 1079/8.6 x 107 = .81 x 1075 N

8.1 x 107° ' e

'

P
P
'P

il

I

h

= 1/123,000
Hénée;only'} molecule in about 123,000 molecules of

vthe'absorbing substance actually absorbs a uv,photon,‘

even when a very strong uv absorber is used.
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“Given

k= 6.9 x 10

u =.kE = 6.9 x 10

7 Exemple 7

We can compute the'time'reqnjfed to separate. ions.
the mobility for Ci7.

8mz'/volt-sec. -

= 3.43 x 107%m (135 mil).

Fluid layer thiékness ap

Find;: ta) Vefocity'u

(b) Time for an3f6n.t0 trayerse layer t..
So1u£ipﬁ: : .
The velocity is from (61): |
y 8_x 103/5.43‘x-10f3}= 2.0 x 10f2m/sec
= 2.0 cm/sec | ' |

Time fof'the ¢1” jons to travel a distancerap and separate

is ‘then:

ty = ap/U = 3,43 x iO’B/Z.O X 1052'=-.174 seconds = 174 ms

o
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,_  f?;s-' 

Eiamgle 8

The data of EXamp1e$ 1-7_incfugivé_and

i , ) | . s

't0'= 49 miltliseconds

(aj Total phbténsfcm2 ’

(b)b ?hoton intensity

M: S

_From:(Z}: | o , S :

(a) N = (p/u) 7y = (8.1 x 1076/1) x 5.4 x 105

= hob x }OIOfphotpns/cmz ._ ;‘

N/t = bk x 10'079 x 1073 = 9 x 1o'!

i

i

:(b)<ﬁ_ photons/cmzfsec,_
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I, erk Program

' a)‘ Cell Constructicn - Cells were constructed 50

that the motlon of ions to the cell watlls of suitable -dimens ions

.'_produces 3 substantia1 change in the capacitance oF the cell.

To determtne the'best cell constructlon, a'study of the capacr-

‘tance equation enabled us to calculate the cell capacitance and

21 from the d;men5|ons of the cell

‘b) | The uv pu}se'and the gatéd’yditage pu}Se were

\”aﬁsplanedron'thé.MemoqupeAat the same time as the transmitted

optical trace.

¢) A cell was put into a bridge circuit-shown in

Figure 8. | Ih'the'ébsence?of the"photoiohic effect, the'stofage:'

scope regnsters no def!ectlon.sbrf thé,phatoibnic_effectioccufs,
then the storage scope will’ regiSter the differential induced
by the uv light pulsé, If photoions are produced, they will

produce a current pulse in a cell which will constitute this

differential.

d)' Photosensxtlve mater:als descrlbed in the literature
were tested in a photonon cell

e) A DC pulse was applied across a cell contanning a

’phototon solutton. When the-rons-separate, a current pulse re-
sults which can be measured, The cell is pulsed with uv Tight
and.containsﬁonfy a photosensitive substancesin the solvent,

'ln thts case there are no-dipoles present - The current pulse Is

observed as a funct:on of the. !sght lntensity, pulse duration of
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the llght, pulse voltage and.duratldﬁ, DCjand/or AC‘and{;he
concentratuon and type of phatolon solute. o |
To observe the phOtOlOﬂlC effect, varcous concentra-
ttons of promlslng photolonlc solutions were used in the cell.
A pulse of uv llght wa s applted onto the cell and with an ad-
justable delay, a DC voltage pulse across the cell was appl;ed
| Photoionic solutlons comprlslng phetoactlvators

(U.S. Patent No. 2, 163 53l), photosensltuve dyes (U.s. Patent

No. 3,112, l97) and var ious photocon:c solutes were tested at

Flrst ‘without dnpoles, observ:ng the dvfferentlal current pulse
acrOSs the brldge clrcunt. | |

f) when observlng the photolonnc efFect, ustng an
|ntegrator clrcult, the ;ntegrated current tlme or charge vs.
time curve wall rlse to a maxnmum when the DC voltage pulse is
applied across the cell, The ions Formed mugrate to the surface
and.coat'the lnuer'surféces_of the cell. When the voltage pulse
goes to zero,_the lous’reverse,-go back into the solution and
neutraluze each other. If the process ls:reVersible, the current
curve goes negatlve and the charge ‘curve on ‘the memoscope de-
creases to zero. From the data, calculate the electric charge
per unit area on the cell wall.  From th:s, along with the cell

dimensions and dlelectrlc constant, the change in . voltage across

”the photonon layer can be calculated lF'thls is of the same order

as the lnltnal applied voltage pulse across the layer, the dlpole

erientatlon wull be substantlally modulated
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g}  When a substantaal change in voltage across

the layer is obtalned then chemlcally non- reactlve drpo!es

- such as !ead carbonate crystal or alumanum flake, may be in-

corporated in the solution wrthout affecting the photoxons
A change in orlentatuon and a change in light transmlttance
should be observable | |

h) = Use a spectrophotometer to measure uv trans-

‘mittance vs, wavelength of the photOIon so]utlon and determlne

-sfthe extinction constant

2. -Equipment

Figure 7 is a dfagram of the experamental setup
a) The - photouon test cell ] comprises two lamanated
transparent sheets 2 and 3 with a space between For the layer

of photoion solution. The lamtnated sheets 2 are made of quartz

-5or Corning Corex D glass with a TECOM transparent conductive

B lamnnatxon and laminated sheets 3 are made of quartz or Corning’

Corex D glass with a TECOM transparent conductnve lamtnatnon

and Iamnnated sheets 3 are made with two glass sheets w:th a

'TECGM transparent conducting lamlnatlon

| -b) The bridge circuit shown in Figure 8 is used to
d:stcngussh between the photo:on eFfect and the ion effect. A
uv light pulse and a voltage pulse is applued stmultaneously. A

trlmmer capaC|tor Is included to obta;n a null effect in the

: dark when the circuit is actuated. A differential eFfect is then
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'ptoduced by the uv nght. The cells A and B in the bridge cir-

‘cutt are fdentical and the same vol tage puise is app!ned to

B both However only cell. B receives the uv pulse. The re-

ststors Ry and R2 are equal and adJUStEd so that rise tnme in

.cell voltage is small and limits the peak cell charglng current,

_The cell di Fferentlal current is dusplayed on a storage scope
:dursng the transient perlod A DC pulse or a gated AC pu}se
10~ IOOkc (0 IOKV), |s app?&ed across the br:dge circuit snmul-

w~taneously with the u\trav:olet pulse

c) Veltage pu!se supply Th:s comb;nation oF units

-‘provldes a gatnng pulse of var:able durat:on for a DC voltage

' and/or an AC voltage of variab!e Frequency 0 200kc The supply-

consists of:

One kaveform Generator | |
.401_%,,U44,,u.041 0,004 milliseconds.

“One Audio Generator acting -
as a frequency generator 0- ZOch.

Dlpole Power Pack - 0-2000V
A high vo1tage oC supply (O- 20kv) for steady
state measurements or when long pulse dura-
tions are required., This unit must be operated
'manually. _ v
‘d) The ultraviolet pass Fllter \6 is peaked at
3650& and ‘cuts of f at SOOOA and 4000k, It is IOcm in dtameter

has a peak. transmittance of 60% (3650&), and may be used with

“any of the uv sources.

- e) The qnartz lens 21 may be used to obtaln a small

' »spot or an Imege of uv light,
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g'“and optscal den5|ty (linear 0 to 4 0)

f) Visible Iight source 10. - Vlsible lught is

fdnrected from a project:on Tamp through the photoion cell
_ to a phototube 12 for transmpttance measurements. The lamp

7':0perates from 115 VAC via a constant vo!tage transformer 15.

g) The uv fulter 17 comprises a coating of UV INUL 490
on a cel]u?ose acetate sheet Frlter 17 absorbs uv l'ght from

the uv scurces Only vasible Irght is passed Its trans-

' mittance is !ess than 17 for wavelengths shorter than 3800ﬁ

and greater than 957 for waveiengths 1onger than: uZOOt
| ‘h)  The densutometer 13 is a |0uanta109 matched

" 'to the phototube 12, read:ng in transmcttance (100? to 0.01%)

i) The_Storage Scope 31 is a - 56h'MAD whieh

_ deplays two inputS'(Y} ahd Yz vs.'time) The.- d:splay Yl shows

the varlat|on in phototube output wh:ch corresponds to ‘the

-transmnttance of the phot0|on cell The,d;sp}ay Y, shows the

uv pulse duratton.- _
| J) The lught box, (Q'Ix 4t ox 8‘) which is not shown
in thure 8 surrounds most of the components providing a shield

to protect the observer's eyes From the uv source. Half  of

_the front opens on a hinge. In the doar in front and on the

_sxde are 6' x 6 opencngs, protected by UVtNUL coated Fllters,

to enable v:ew1ng oF the interior wh¢1e the uv source is-

_operating.

k) Operarion The phatoSensitive dipole suspension

'-conta:ns photoions or photod:po?es The window 2 passes ultra-

violet lxght into the photosensctave d:pole suspens:on 1. The

ultrav1olet !;ght is supplied by an ultravvofet projector 11
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(1) Constant |ntensfty ultravlolet source

: (ii) Xenon Flash
(ii?)'Photoflash bulb-

U]trav:olet band pass filter 16 transmits ultraviolet

}tght and absorbs vis:ble light., & quartz lens- 21 transmrts
u]travuolet l'ight, ‘and is used to Focus an  image From plate 20
onto the dipole suspen5|on. The image plate 20 may be removed

SO that the entlre f:eld oF the photoion cell rs lllumlnated
uniformly. A plate 20 may have a desugn_such as a number of
~holes or a letter such as “x“‘punched cnto a thin metal plate,
Thns des:gn is 1maged upon the plane of the suspens:on A
standard photographrc shutter mechanism }9’may be used to control
the light. A lamp 10 emits visbeé fight ‘the jntensity of which
is maxntauned constant by a constant voltage transformer 15,
Ultravaolet absorptton filters: 17 and 18 pass vxsrble 1ight,

The effect of the filters: |s that the photoion cell is

|llum|nated by ultravrolet light only from source 11} and

by visible 1light Only from source 10. Only visible light passes
through the Ffltér 17. The photocell 12 thus senses a change

Vcn the transmussnon of visible light as influenced by the addi-
tion of ultrthofet light, The ultraVrolet Tight itself'cannot_”
- pass through to the photocell 12 because it is blocked by

AFrIter 17.
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3)'7 Test Resufts and D!scus§‘°“- s

Varlous potential photofonic materials suggested in the
fiterature were;accumulated.and,tested as to the extent of

fheir phctoionicseffect} To date, onTy'three‘compounds:dF the

many evaluated have’given results that merit consideration.

- These compounds are qU|none, dtphenylanine and poly~-N- vuny!

carbazole
‘a)-  Quinone

A solution of quinone in toluol is placed in a ce!?

in a bridge‘circgif, The cell is-flluminatéd with a Steady

“'state moderate intensity.uv light using a manually operated

light'shutter from a type 100-S* source placed,lSém Frdm‘the
cell. The cell-waslfirst-pulsed'without'én-UItraviolet source

with 1700 volts DC for 36,milli56c¢nds. A'cqrrent pufse having

a peak of l,8-mi]1iamps (0.9 divisions) was observed as a memo-

scope trace. (Each division corresponds to a current of 2
mllllamps) " Then with the ultrav'olet source zrrad:atlng the
cell, the cell was agaln pulsed with 1700 volts DC for 36 m;l]n-
seconds. A current pu!se havsng a peak of 4 milliamps (2 lelSIOﬂS)
was obtained. | |

‘However, it'was observed that as thé solution aged, a
precipitate was.Forméd-énd the above efFect deCreased or could
not be observed; Th?s deterioratian of the solution usué!iy

occurs in from 15 to 45 minutes ‘ ATthough the quinone?toluene

7g_system is far from berng a practical approach, it does indicate

that the‘photoscnlc effect does exist.
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3 ) b) Dliphenylamine + chloranil

A:solutidn oF diphénylamine and éhlofanil’in benzene
was irkadiated with ultraviolet light for five minutes but no
obsefvable change could be detected on the memoscope. When the
diphenylamine-éhloranj!‘sysfem was irradiated wiih a visible
light source for 5 minutes, a significant change in capacitance

was obtained,

The optimum concentration for this system was found to

be 2.grams of diphenylamine and 1 gram of chloranil dissolved
in 10-millileters of benzene, |

| The cell used in this workuwas a'3“ x 3" VARAD type -
cell having an active surface area of 25.8.cm2. The electrode
to_eléctrode disfance‘was 0.197cm and the thickness of the
photoionic layer was 0.127cm. The voltage applied across the
transparent conductivercoatings was 1000 volts DC and the dura-
tion of the applied pulse was 4 milliseconds.

The-follo@ing change in capacitance was observed:
C_ = Capacitance of glass layers = 270y, farads

g
Chy =. Initial Capacitance of system

i

l70uu farads

Cip = Final capacitance of system
(after 5 minutes irradiation
with visible light)

270‘_“1 fa rads

Other concentrations of diphenyl amine and chloranil in
benzene and in various other solvents-such as chlorofoum,

dioxane, and toluene showed the above effect to a lesser degree,
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Examination of the results shown above [ndicate that
irradiation of the photoionfc solution formed enough ions to
compléte]y shield the electric field across the cell,

é) Poly-N-Vinyl Carbazole

A review of the literature revealed that poly-n-

vinyl.carbazole (PVK) was pdténtially'a good_photo?onic'materiar

for our system.
‘After testing many solvents and solvent mixtures,

it was found that the best solvent for PVK was a mixture of equal

parts by volume of benzene and chloroform

A so1utaon composed of 0. 74 grams of PVK-which

had_béen ground tn a ball mrll, 0.054 grams of phthalic anhydride'

dissolved in 10 mil of 1:1 CHCl; and CgHg was put into a VARAD

type cell. The cell had a phbtoion layer'distance (spacer) of
0.11cm. A vo]tage pulse of 1000 volts DC was applied for 0.4
miilfseconds to cell with and without ;rradcatzon with ultra-
violet 1ight. |

“After 5 minutes irradiation a capacitance change
of 35% was obtaihed. ‘On-irradiatihg for an additional ten
minutes; a total capaéitance’change of 50% wa§ observed. These
orders of magnitude were determined by comparing the traces ob-
tained wnth the sample with a standard curve which was obtained
by connectong capacitors of known value with the bridge circuit.

At thts point a series of experiments was made to

optimize the PVK system,
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Experiment #1

- This study wés designed to determine the optimum concen-
tration of PVK. A series of sclUtions with varying accounts
of PVK andhphthélic anhydride were prepafed and tested as pre-
viously described. The cel!‘used.had'a 0.32 cm spacer and an
electrbde to_eieCtrqde distance of 0.38cm, .Thé vol tage pulse
applied to the qelT was fOOO'volts DC for 0.4 milliseconds.

The data obtained from this work is tabulated below:

 So}n;_‘Gms of | Gms of . millilteter f 'Ratfd of

No. | 'PVK " pthalic | 1:1 . Capacitance

T . Anhydride | CgHg . Change*

v ools 1 o3 oo 15

2 3.2 0.3 0 1.8

3 ‘;2{7"f,%, 0.3 'g 100 L »? 1.9

b 1.6 é 0.3 | 100 § 1.6

5 4 0.6 % 100 ] 1.5 |

 *Ratio of Capacitance Change = Capacitance - 5 minutes UV_exposure
v Capacitance - Initial

From the above data, it is obvious that the optimum concen-

tration'uhder these test conditions is 0.027gms PVK and 0.003

gms of phthalic anhydride in 100 ml of the CHCHS‘CgHG solvent.
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Experimeht #2

The effect of phﬁﬁalit anhydr ide was.investigatéd;
Vafying quantities of phthalic anhydride were'aaded to 50]ufion“
of 2.7 grams of PVK in 100 ml of ChCl, and CgHg (1:1 by volume).
The'summary 6f resul ts of this Study is shown below:

Fe—

%ms Phthalic  : - 'Qapacftance'(uu farads)
ﬁgzggridek__ |Initial éftér flTime after uv Irradiation
o “'Ofmés. 7 mjh_; 30 min__overnight
o Lo | si0 300 | 270 ---
§ 0.3 1170 310 l _300* % 300 ; "270
0.6 1220 | 310 310 | 310 | 300
| — ;

This study indicated that phthalic anhydride hinders the
rate of the reverée reaction and that an excess of the phthalic

anhydride will tend to decrease the total shie]dihg effect.

Experiment #3

It was found that if PVYK is dissoived in behzéne alone as

the solvent, no change is observed between the initial capacitance -

and the capacitance of the system after 5 and 10 minutes of ultra-

~violet exposure. Théerefore, .it is evident that the chloroform

plays a role in the formation of ifons with ultraviolet irradiation.
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Experiment #h

In_thié study, the effect of the length of the voftage
ﬁu!se was eiaminéd. Three different puise lengths were utilized
(0.4, Q.O‘and‘ko;o mi}liseconds) and it was observed that as

the pulse increased,'tﬁé more completely was the field shielded.

i _Capacitance {yy farads)
1 M

VL?”9th ofrPulse”; : '.tnitial~CépacitanCe-; After 5 minutes
q e ‘ o : = uv_irradiation

0.4 ms b wme 270
4.0 ms . "- ' | 140 S 280

1

| 40 ms 0 1o b 300
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‘Experlment_ﬁ_

Using our opt:mum PVK~phthaI|c anhydr(d solutton, an in-

.vestigat|on was made of the eff

vapplied were DC and’ the pulse d

The data obta|ned in this

ect of vcltage on the photoionic

"Teffect-, The cell used had a photoronlc layer dastance of 0. 13cm

and an electrode to electrode distance of 0. 19. The voltages

uration was 40 ms.'7 

study is tabu}ated below:

appl ied Vol tage _
250
500
1000
2000

: Ratio-ovaapacitance'CEQQQE*

1.3

1.5
1.8
2.0

= Capacitance - After 5-m?n.?UV.Exposuref

kRatio of Capacitance Change

“Capacitance - Initial

It is seen From‘thé abbve data that when the applied'yoltagé

Since the voitage appears

change of the photoion solution,

time required to obtain a capac

- ficient to produce the required

pulse is increased, the ratio of capacitance change also increases.

‘to greatly influence the capacitance

an attempt was made to determine

‘the'effect of the'higher voltage oh the ultraviolet iffadiatidh

ttance change that would be suf-

shielding phenomenon.  In thns'

 study, the FVK-phthalic anhydride solution was irradiated_with

ultraviolet light for a.period of 1 minute instead’of.the pre-

vious § minute period. The fol

lowing Table shows the difference

in capacitance change observed be tween a‘!OOO_and.ZOOO volt DC

pul Sﬁpﬁfé%&’ For BLRYLE 26056817 ?&FI)ERE)5936&&&'}2802500040003-8
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‘Appl ied Vol tage ' Ratio of Capacltance Change
1000 % | 1.2
2000 i 1.5
{

Therefore, hlgher applied voltages also appear to decrease the

time requnred to obtain a photononuc response.

d)_Combined Photoion and.Dipole Sys tem

| The resul ts obtaaned in the preceding section with
PVK and phthallc anhydride descrlbe a system that should be
capable of producing a capacttance change that would produce suf-
ficient photoions]to effectively shield the eleetric field used to
_a]:gn a dipole solution.

Therefore,the photoionic matersal was comb:ned ina common
solution with known dipolar systems. It was anticipated that the
deéree‘of’alignment of the dipoie would be substantially different
after irradiation of the cell with ultraviolet light.

" The first dipelar material tesfed with PVK wae iodo quinine
sulfate, which we utilize in our VARAD panels and which has been
Fouﬁd toebe the most effective dipolar material to date. How-
ever, it was found that the iodoquinine sulfate and PVK system,

- as they presently ex:st are not compatible.

| To c1rcumvent any Tncompattblllty problems and inlorder to
.obtein an immediate indication as to whether or not a photoionic
‘shielding of dipolar alignment could be eFFected,.alumihum powder
was tested as the dipolar material. Aluminum had previously

shown the ability to align in an electric field and should be
Approved For Release 2002/06/17 : CIA-RDP78B04747A002500040003-8
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jinert in the PVK system. fncorporation of‘the aluminum fnvthes
lPVK solution produced a compatcble system, and the fc%lowung

experlments descrsbe the: resu?ts observed w:th thts solution,

« Experament #1

0,03 grams of ground alumtnum power (A]coa + 1225) was
suspended in 10 ml of solution containfng 0.27 grams of PVK
This solutxon was put into a VARAD type cel} havsng an electrode
'to electrode dustance of 0.19cm and a photo;on-dopolar 1ayer
dlstance of 0.13cm. The voltage applled acness thIS-cell was

2290 volts DC having a pulse: !ength of 0.4 msec.
o in th:s experiment, the testtng procedure was to:
l,, Record the |nzt:al transmittance of ‘the cell
2.  pulse the cell w:thout uv llght and: record the trans-
m:ttance Gf the ailgned a{umlnum dtpo}es,'_
: 3,,_ d:scontlnue the vo!tage pulse al]ow the system to
randomize and record new closed transmittance;
4. irradiate with uv light Fof 5 minutes; and
5. apply pulse and record maximumstransmittance to which
cell w111laltgn. |
| A typtcal example cF the observed perfcrmance of th:s

system is descrtbed below:

Approved For R'elease‘_ 200_2/0'6[1'7 : CIA-RDP78B04747A002500040003-8
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T T

inftial Cfosed Trensmittenee ‘ | | :‘ i 5,2.
: After applying pulse of 2000 volts for 0. 4 ms «J: .e
- {no uv exposure) ' _ S : - 65.0
'eDiscontinueupulse and waft.for reneom?zatien 1‘-15.
AFter 5 manutes Uy exposure | - _ o 15
Applytng pulse with uv exposure “ il . ’23

% Transmiss.ion

The reaults obtaaned an this exper;ment ndieaﬁevthat a
successful combsned photouon dlpolar system has been prepared
The‘data shows that the photo-lnduced charge carriers generated
do eFFectiVely'Shfeldethe'electr?c field and thus deckeaée the
abllaty of the alumtnum d|poles to allgn to the degree to whtch

they had - been capable beFore ultravrolet exposure

EXperiment %2

Ussng the same solution and cell that was ehploYed in the
previous experiment an attempt was ma de to form an image. “In

this experiment, a piece of transparent-p?astqc whtch hadvbeen

~ coated with an ultraviolet absorber (UVINUL 490) was used as an
. ultraviolet filter and_Fastened to one surface of the cell. The

_center oF the Fllm had a d;amond shape cutout. Therefore, the

uv light would not 1rradlate the ce}l except in the dlamond shaped

'area Whlch had been cut away.

Thls ce!l containtng PVK and alum|num dipoles was trradaated
w!th uv ltght for 5 m:nutes and. then had a ve%tage pulse of

2000 volts applied. The uv ¥:qht and the pulse were diacontinued
Approved For Release 2002/06/17 : C]A RDP78BO4747A002500040003-8
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~and the UVINUL filter removed. “Upon inspection of the cell
:it'was observed that a definite diamOnd shaped image had,been

formed in photoionic-dipole solution.

:Ap'p'r"dved‘qu_ Release 2002/06/17 : CIA-RDP78B04747A002500040003-8
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D, concwsmns | o
| i the short perlod of investsgatlon into the photoionnc
__dppole efFect we have found two phototon systems which generate .
sufficient photo—:nduced charge carraers to efFecttveiy shield
‘the e\eotrrc»Fyeld across a dipole cell. |

| ]noaddftion, a combinediphotoioo-dipoiar'system'has'been
deVeToped whfch.haé beén shownbto Formfaodefiniterimage.v _

-~ The F;rst of. the photo:on'systems that’was‘Found effectiye”
was dnpheny]amune ch}orannl in beniene. Thfs system'was shown
to produce a large enough capaC|tance change  on beung trradlated
“with visible llght,_to shte1d a dipole a!fgned Fneld However,
this sYstém was not tnvest|gated in any more. deta:l as :ons were
photo-induced by Qisnble.lxght and wouldjnotvbe-of tnterest to
thss speC|f|c contract - | |

- The PVK phtha]uc anhydrxde in C6H6 and CHC]3 systemfwés

'f'Found to be as eFFectlve as the dtpheny¥am|ne system and the PVK

‘system was photo- 1nduced by uv light whlch is. desirable for the
research program

The VARAD ceTi contatnung PVK in 1:1 benzene and chioroform
showed a capac&tance change aFter benng exposed to uv ¥tght,

that was equ;valent to & tQtal shleldlng of the field by the

. .photoions produced ~This as in the case of dfphenyfamiheHChforanil_

demonstrated the existence of the photo:ons.

Part (d) of this section descrtbes the first successful
'oorbxnxuton of a photozon:c material with a dtpole -Th?s com-
priéed illuminating a combjned PVK-a}uminum dipo}e suspension with
ovrlight.and s imul taneously subjecting the suépension'to ZOOO.Voft

bC inses haviﬁg a duration of 0;36-millisahqnds. Under these
Approved For Release 2002/06/17 : CIA-RDP78B04747A002500040003-8



. L i
\mp( . R

:Approv:ed- qu-ReIease 2002/06/17]3,C@&RDP787304744259‘00250Q040003-'8' E

| ccnd(tlons the transmtttance changed From 157 to 23%. tWhen the

same experrment was repeated wpth the uv light, the transmlttance
changed from 5% to 65%. |
We were'then 5Uccessfullin prodUcing afvisibTe-iMage, by

the alignment and dusa]&gnment OF dnpeles under the snfulence

of uv }ight by combsnnng PVK with an aluminum dipole suspensuon

in a VARAD type cell. This’ study utilized a uv;no? mask with
& cutout daamond shape placed in front of the photoson;c dupolar

ell'and‘rllumsnated Wch uv light, The same DC pu!ses were

'appl|ed as before. The cell was then observed to show a dark

dramond pattern |n the center part surrounded by a 1|ghter more
transmtss;ve area. Thls showed that the central area was dis-
oriented while the area around the diamond pattern was orlented
by the etectr1c f;eld. The FeaSIbllsty of the phot01on dxpolar
tmage forming effect was thus proven
A theoretical mathematucal-physccs study has also been

presented to conssder the vnterrelatnonshlps of the parameters
on the basrs-of known physncal_lawst These laws have been applled

to the present‘prqb]em and new equations tnterrelating the

: paremters have been derived. Now that these.new equations are
available, they have indicated a procedure for eveluatihg the
parameters which are important to the photo:cn eFFect Moreover,
 at now becomes possrble to compare the expertmental results wnth

o the_arder.cf-magnutude oF.resuits_predlcted by theory.

o ,Ap'proved.ForReleaSe 2002/06/17 : CIA-RDP78B04747A002500040003-8
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E. '“FURTHER'wORK

T 7 Preparataon of new photoion;c so‘utuons.

2. Study of the best photosonlc solutxons to achteve

“the greatest voltage shielding and the most raptd response

characternst:cs. _

3. Expekimeﬁta}'detefmination of the‘paramgters ofr
the phqtbidn layer.

b, Opttmzzatlon of the photoion Iayer

5. Preparat|on of other comb ined photononnc d:polar'

. system.

6. Determination OF'tha'characteristics of the optimum

system,
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H11 PHOTODIPOLES

A.  DObject

fo study the photodipole in an electric field
at maxfmum response frequency for the purpose of orienta-
tion modulation by én ultraviolet image. |

B. Discussion

One of the approaches was a study in which a uv
image modulates visible light, utilizes a fluid layer con-
taiﬁing submicron photodipoles in suspension,

The lack of success obtained with the initial ex-
periments prompted the mathematical-physics study presented
herein. An important conclusion of the mathematical-physics study
is that any dipole may be represented by an RC circuit which
has a definite time constant. Utilizing this time constant,
there exists an upper limit to the frequency of the applied
eleciric vield to which 3 dipole will respond by orienting
itseif parallel to the electric field direction. This
upper timiting frequency for alignment of the dipoles is
nerein terméd "the maximum response frequency'. At a fre-
quency greater than the maximum response frequency, the charging
effect at the end of the dipoles on each % cycle is small,

and the Fforce orienting the dipole is diminished; whereupon

the dipole remains randomly oriented,

Approved For Release 2002/06/17 : CIA-RDP78B04747A002500040003-8
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The mathematical-physics study also reveals that the
max imum resbonse frequency yaries inversely:as the resistivity
of the dipole. Since the resistivity is also a function of
-the»i%lumihation of the photodipole, it is now apparent that a
means has been discovered to requlate thé orientation of a

dipoie as @ ‘unction of incicent lumination.

+

The Way in which this works is as follows: A phdtodipoie
s chosen such that its resistivity varaes by at least. a
factor of 100. The photodspole is then illuminated and its
resistivity fis decreased to the minimum, At the same time the
max imum response frequency is adjusted so that the dipole is
allgned at the maX|mum response Frequency The dipole is thus
oriented when-and where the illumination is applied, When the
illumination is cut off, the dipole resistivity increases and
‘this causes fhe_maximum_response fréquency'td decrease in
inverse prbportion to the resistivity. .Since‘the maximum res-
ponse freguency has been set higher-than this, the dipoles will
now dtsailgn

‘The mathemarxcal-phySlcs analysis which follows is based
upon an ideal dipole shown in Figure3, . which has the charac-
teristics of two cohdenser plates connected by the resistor
represented by the body oflthe~dip01e_shown in Figure 10 .
The dipole is presumed to be made of a material having di-
electric constant ¢ and the resistivity p, the cross-sectional

area of the dipole is A, and thé'\ength of the dipole L. The

Apprpved For Release 2002/06/17 : CIA-RDP78B04747A002500040003-8
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-.3..
applied electric field has the intensity £ and the'voltage
applie¢‘acrosé the dipole is then V = EL. The correspohdfng
equivalent circuits are shown in Figures 10 and 11,
Figure 10 shqws'an idea!ized etectrical representétion
~ of the dipole, ngure t1 shows the equivalent circu?fvfn:
cluding a voitage_SourCe‘corresponding-fo the appf?ed electri-
cal field, Figuré:12 shovis a chve which corresponds to the
exponential charging curve of the candenser in ngure.lf.
The géneral formula for the max imum freguency is derived
“with feia;ion to the charging curve, - An exanpic is given 510w -
“Thg a typical range of resistivities and the resﬁbnse.frequencies

corresponding thereto,

~C. Photodipolar Materials
‘The photodipolar materials are photosemiconductors.,
| Many phétosemiconductor'materialstan be grown as ¢rystal
wﬁiékérs suitable for use as photodipoles, which Qnd@r con-~
ffo?ied conditions can be the general size range reqﬁf%éd;'that
is approximately 20004 with a length to width ratio of at
least 10/1. |
| Typical matgriais of this type are zinc oxide, zinc
sulfide, selenium, germanfum, silicon carbide. Many other |

photosens itive materials might be suitable for application.

D,  Experimental Work
In our initial studies of photodipoles we wéfe able to 
obtain visible alignment of the zinc oxide dipole suspensfon.
However, although the resistivity of ziné oxide is khown to vary
substantially with incident uv Iight, no change in orientation

was noted with or without the uv tight,
Approved For Release 2002/06/17 : CIA-RDP73B04747A002500040003-3
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A small quantity of accicular cinc oxide was obtained

having an average particle

size oF U;Z picrons in the major dimension and having &
major to minor ratio of & spproximately 15 to 1. This accicufar'
zinc oxide sample was produced by a vapor cohdensatiﬂﬁ~(Ffénch}
PrOCess.. | |

A suspension Qr‘the ac:}cu‘ar sinc oxice was-;fepared by'
grinding ] part InQ, 10 parts 204 nitr eilu\ose solution and
Tex %2 on a pall mill until a smooth paste was
“ormed, The'volatilelso?vents were vécuum evapora ted ahd then

resuspended in isopentyl acetate.

e

This suspension was placed in & three inch standard VARAD
cell against a cark hackgrounc. The suspension sppeared
caintly wilky. The cell was tuned to the optimum frequency

for maximum voltage across ‘the ¢

4

11 as ;reviéus\y determined.
When the. vo‘tag& across the cell was increased from iefo, the
milky appearance bebawe Pgn51deraniy less milky, almost clear
nis showé that'the-e%ongated carticles were aliaoned.
we.éttemtted to observe a more or less alignment with and
without uv 1ight, but there was no apparent difference. However,
aggloﬁerat?od occurred, This was due to tﬁe_appl?ed vol tage
(too much or too long}, or the uv Vight or both, The same

ex@er?ment was repeated with Herapathite, There was no visual

* =
T

difference with the uv light on or off.
It is believed that the residual milkiness observed upon
ol funment of the present suspension way be due O res idual

aqgalomerates chat do not align. This can bhe clininated b
At R \ Y
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 Mdthehatlca|~Phys1cs

| '_ _(.a )

il

i

!

Symbols

MKS units are usedi_except‘as noted.

Cross section area of dipole m?

Capacitance of dipole - farads

2,71

Dielectric constant of dipole mater ial

Dielectric cqnstént of free space 8.854 x }0-12

farads/m

Maximum_requnserfrequency; cps

Tﬁickness of dipole

Length of dipole ; m _

Resistivity of dipole - éhmém

Res istance of dipole - ohms

Time consfant of dipole equivalent circuita-‘séc _

l/fm = period oF maximum response frequency - sec
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b,

area

is the'time for the charge on the ends of the dipole to.

_Eguations

A,

‘The resistance of the dipole is:

R=pL/A "

The capacitance of the dipole lis:

C=c¢ € A/L

The time'constént td_of the circuit of Figure 11

- reach l/e of maximum:

ty = RC
From (1), (2) and (3):
ty =ﬂeo €p |

From Figure 12 it follows that:

ety T T/4 o= 1/h f
From (5)
‘Fmvg /4 etd

"The maximum response frequency is from (4) and (6):

fo=l/bec, ep = (1/4x2.71x8.85x10" 1 2)(1 /¢0)
(10.4 x 10°/¢p) cps
- (10.4/ep) kmc

“» ~h
B ki

Conversion factor - Resistivity 9 cgs-mks)

100 ohm cm - | ohm-m

Apprdved For Release 2002/06/17 : CIA-RDP78B04747A002500040003-8

" The ldeal dipole shown in Figure 9 has a cross sectional

(1)

(2)

(3)

(b))

(5)
(6)
(7)

(8)
(9)
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_(c) Example
| -giggﬂi A photcdibole has_é resistivfty oy = 100 ohm-m
T ('101+ ohm-cm) in the dark; and a resistivity

92'% ! ohm-m (lOz'ohm-cm)'when fouminated
wiﬁh:uv light.
“The dieléctric constant is e = 5.

ElﬂQ; Haximum response frequency f_

| (a)  when illuminated

(b)Y 'wheﬁ dark.

'Solution: |

7 | From (9)
- N s | ' (a) fm_EVLQiu/S x b =2 kmc
R ' (b) € = 10/e p = 10/5 x 100 = 0.02 kmc
-
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- Approved For Release 2002/06/17 : GI_A-'RDPT8804'7'4.7.A002500_040003_—8 BRA

LY et ]

Fo o Cbnclusibn

‘Where the resistivity imcreases; the feéponselfre-

queﬁéy decreases (a longer fime is re@uired Forvthe dipole ends
A and B to become charged). Above the maximum response frequency
‘tﬁe’pﬁotodfpole.cahnot respondl.rffsfﬁe resist?viﬁy of the photo-
“dipole changes by a»Factbr of 100 (fdr example from » = 1 ohm-m
to 102 ohm-m}, then the dipo1e'orientation will be'eFfecied by
Fight if 2kmc is applied. | . |

'-'S{ncé the mathematical-physics treatment of,fhévphotpdipole
effect indicate that no réspénse of the material to ultraviotet
liaht could be EXpected-at.the frequenc{es presently available
to us, the work on this apprdach.Was curtailed until such time
as a suitable generator.cthd bé pufchésed-or constructed.

'vG; Further Work_Progrém

1. Prepare various photosemicbndu;tor materials as
. crysta¥;whiskers_of suitable size to form a photodipole sus-
pension..

2. Constéuét or purchase equipment that will be
capable of producing Frequenciés in the kilomegacycle rangé.

o 3. Employ uv 1ight of appropriate waveYeﬁgth_to

cause a suitable charge in resistivity.

4, 'Study the orientat?cn modulation effect.

5. - Derive. the operating parameters.

Approved For Release 2002/06/17 : CIA-RDP78BO4747A0025000400_0,3-8
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IV . PHOTOCONDUCTIVE ROD MATRIX LAYER

‘A; Obgective

To develop a voltage divider photoconductive
layer-dipole combination which demonstrates a high resolutlon,

high contrast, and good quantum efficiency. Figures 13 and 14

' show two approaches for achieving this result.

B. Description

Figure 13 shows a Matrix comprising photoconductive
rods in cdmbination with a dipole laYer. The transparent'
layers 1 and 2 support_transparent.conductive coatings 3 and 4.
The matrix 5 contains the photoconductive rods 6. Transparent
insulating layers 7, 8 contain the dipole layer 9. The uv

image 10 is focussed by the lens system 11 forming an image 12

;WIthln the photoconductlve matrix 5. Light source 13 projects

a unlform field of visible light 14 on the entire matrix. The
orientation of the dipoles 9 is controlled by the change in
resistivity produced'in the photoconductive rods 6 by the local

intensity of the uv image. A filter 15 screens out the uv Iight

_ from the light 14. The orientation of the dipoles at 9 modulates

‘in the visible Tight 14 in accordance with the incident uv image 12.

Figure 14 shows a rod matrix in a hexagonal pattern

and the geometric relations for a glven transmittance.
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e c. Materials |
The‘Following compounds were accumulated as potentially
good photdcond'uctor‘s:
Florence Green Seal-8 (Zn0)
Photox=-801 - (Zn0)
Kadox 15 _ (Zn0)
Kadox 72 {Zn0)
STATINTL 310 PC - (zno)
a 321 pC - (zn0)
340 PC | - (Zn0)
Titanox Lock - (Ti0,
Titanox R-900 (Ti0,
Titanox R-47 (TiO2
‘ Titanox AMP : (TiO2
-STATIN'TL XX=~2 ' ' (Accicular ZInQ)}
| - XX-602 _ ~ (Accicular Zn0)
Special sanple e e oo
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D. Mathematieai-?hygigg
. (a) Symbols
| L = d?Stance'between photoconductive rod centeré
D = diameter of the photoconductive.des
d = -_distance be tween transparehf conductors
dy = :hi¢kness of matrix layer
dy = o toazzs of rransparent insulating layer
' d3_ = = thickness of dipole layer
dy, = ’thickness_of second insulating transparent

layer

(b) 'Mathematical-PhYSics

To calculate the (L/DY Eatio for 90% transmiitance
through the matrix, aQSUme:
v(i) fthe'photoconductive'rods 6 in the holes are
arrénged in 60°1trian§u\ar pattern shown in Figure 4.
| (2) the cross section of the ziné oxide in the holes

is 10% of the open area.

Then: |

Lol w2 = 0 L3 R
This simp\ffies tb: |

(L./D)2 - n/0.2/3 . _ ' )
- From (2);‘

L/D.= 3 o - , (3)

The distance between the transparent conductive
layers is:

d = dy + d, * d3 £d, | ' ('r)
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E. . Expérimental wdrk

1. WOrk Proqram

a. The zinc oxide coating may be prepared by ball-
milling vahious proportions of a mel table polymer such as
aroclor and Zn0 using toluene as a solvent.

" Measure the change.oflresistivity (light vs.
dark) with 1:1, 1:2, 1:5 and 1:10 ratios of Zn0/polymer melt
soiidsf

| - b. Determine the change in reSistivity {light vs.
dark) of zinc oxide layers of various thicknesses, 1, 2, 3,
mils thick. If the change is proportional to the thickness,
increase the thickness of the sinc oxide layer until the propor-
tion decreases.

c. Tﬁe cell is to be fabricated as shown in Figure

13. _
i. The zinc oxide layer is coated upon a con-

ductive coated glass sheet. This will admit ultraviolet light
to the zinc Oxlde film,
ii. Place a thin glass sheet over the zinc oxide.
iii. Use an appropriate thickness dipole suspension,
iv. Use another thin glass sheet over the dipole
layer. The second thin glass sheet should be coated with a
transparent TECOM conductor (our 30-13 formuia) )
d. Nluminate from the zinc oxide side with uv
light and observe the change in dipole transmittance by reflec-

tion from the dipole side. The change can be observed in
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vislble 1ight from the dipole side (See Figure 16).

e. The dlpole suspen5|on employed should be a 1ow
viséosity suspensnon |n_h|gh concentrat:pn so that when aligned
it will produce a transmittance change from at least 1 to 50%.
In thts case the aligning field should be a 10 to 20kc AC
voltage; The voltage need be only very small, possvbly a few
hundréd-volts to achieve the desired result. |

F. ff the visible change is obtained, then we can in-:
strument the device so'as to meaéure the change by reflection
us;ng an approprlate photomultnpller setup. This can be done
on the vertical cptlcal bench using a 45° seml-transparent
mcrror, whlch wxli project visible light downward onto the
dlpole surface and then have this lcght picked up by the photo-
multrpljer tube above it. The uv 1ight can be applied using
a flash tube and a 45° alQminum mirror to the zinc oxide_coating

- side which is on the bottom. (See Figdre 16).
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2.  Test Results and Discussion

We have_observed a Eesisti?ity change up to 50,000
to 1 witﬁ zinc oxfde films in specific cases, but usually
3000 to 1. If we are to use the zinc oxide in a voltage divider
deviée, the dipole layer hust be thin in relation to the thick-
ness of the zinc dxidé'layer. Consequently.the dipole layer must
be less than 1/3 the thickness of the zinc oxide layer, prefer-
‘ably about 1/10. If the zinc oxide layer is of the order of
3 mils, then the dipole layer must be of the order of 1 mil or
less. - This restriction places rather severe limitations on this
method. However, it is cértafn'to work because we know all the
components are operable and it is merely a matter of engineering
the dimensions and knoWn,characteristics.oF the various layers
properly so as to obtain the useful result.

Typical examples of the change of reSistivify of
(dark vs. Qltravio}et lfght), of the materials listed in Part C

of this section, is tabulated below:
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Samplé_DeSignation : Res istance (Megohms) % _ Ratio
| No lightgi After uv |
_ Exposure
{Florence Green Seal -8| 1000 i 0.09 1o ox 10t
%Photox go1 | 1000 o 1.0 x 102
kadox 15 1000 | b 2.5 x 10%
'kadox 72 I 1000 5 2.0 x 10°
310 pC | L tooe o2 5.0 x 102
321c 800 3 2.7 x 102
: 340 PC " 800 2.5 | 3.2 x 102
- Titanox Lock 1000 | 10 S 1.0 x 102
- ETitanox:R-9oo ” lgoo 15 o 0;67'x 102
Titanox R-47 - looo - 10 1.0 x 10
‘iTitanOx A-MP._. N o 1000 6 o106 % 102
Xx-2 1000 0.5 2 k103
XX-602 - . 1000 7.5 1.33 x 102
éSpecial Sample French E. : % ! ’
'Process’ of Accicular | R L 2
:Zn0 - _ 1000 ; 2.0 ' 5.0 x 10
{ P 3 ; [
STATINTL | | The results of tﬁe above studyrindicate that
STATINTL Florence Green Seal-8 zinc oxide is the most
. effective photoconducﬁor. lts: change of fesistivityfratio,
upon being irradiated with uv 1ight (1.1 x 10%) is almost a
magnitude greater than any of the others'tésted.
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'be difficult'to.wdrk with unles

‘thin film. To this end, materi

‘-S | ' b) Since zinc oxide is a fine powder, it woul d

s it were incorporated into a

als such as aroclor,pliolite,

polystyrene and various other polymers were tested. The

- material that was found to be. e

a SO%ssothiqn of polyvinyl alc

xcellent for this purpose was

ohol .

‘To determine the optimum proportion of Florence .

Green Seal?8, Zn0 and-PVA, a.se

and the results obtained were a

ries of mixtures were prepared

s follows:

Resistance (Meqohﬁs)'

No uv Exposure . After uv Exposure|

Weight of ZnOlWeight of 50% PVA
3.5 3.5
- j 2.5 | 3.5
2 - 35
| 2.0 3.5
| 1.6 3.5
2 [ -
0 3

200 § .085

20 | .050
20 L o8s
a0 90
20 350
20 1o

20 2.0

o

in the above study all films were maintained at

0.003" thickness and placed between two transparent conductive

;giéss plates. The ultraviolet

irradiation used was a type 100-S

STATINTL  source

held 20cm from the sample for

a period . of 30 seconds.:
From the data it

paste concentration is 2.5 gram

would appear that the opt imum

s of ZnO to 3.5 grams of PVA
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(50% solids) which would give a‘dryifitm'compOSitionbdF
approximately 60 parts of Zn0 to 40 parts of PVA,

c) A study was made to determtne the effect of
Film thickness of the Zn0 . layer on the change of resvstxvlty
(1ight vs. dark). o B
: Various'thickhesses (0.001 to 0.005") of Zn0

were prepared and tested in the manner described in the pre-

vious experiment. The results are recorded below:

o o Restst1V(ty (Megohm) Ratio
Film Thickness_ Dalr'k,_’%E After uv. Exposure
ool | tooo i 0.9 . 1 x 103
0020|1000 i 0. o loxdt
003" | 1000 | 0.06 1.7 x 10
i .00k 1000 | o.08 - .25 x 10"
. Loost | 1000 ; 0.4 2 x10?

This study shows. that the optimum.thfckness for
the Zn0 layer is 0.003" (0.0d76cm). Af Fifm thickhesees'greater
- than .003" the ultravrolet light does not pass through the full
Fl}m th:ckness and thus the resistance ratlo starts: to decrease

~Therefore, }n.accordance with the mathematlcal-
phys?cs study deécribed in part D.of-this section, a maximum
dipole layer of 0.001" is required. | | |
' - d) The above study |nd:cateq that the use of a 063”

-Zn0 layer used in conjunection with 0.001'" thick dipole cetl

- Approved For Release 2002/06/17 : CIA-_RDP78BO4747A002500040003-8
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would force such severe limitations on the system as to make
it imprattidal. Therefore, a new approach, the photoconductive
rod matrix, was initiated.

The rod matrix approach affords much more latitude
in the Zn0 layer thickness. The uv source can irradiate the
long thin Zn0 rod along its length which, in effect, simulates
a thicker film layer.

To test this approach, a rod matrix cell was prepared
containing all the elements described in Figures 13 and 14,

A sheet of plexiglass 2,0mm thick was drilled with
holes 0O.5mm diameter spaced 2.0mm apart and connected with thin
conduétive strfps on one side to a source of pétentia]. A VARAD
tybe cell havfhg only one electrode was placed with its plain
glass panel close up against one end of the photoconductive rod
plate. The VARAD type cell contained an herapathite suspens ion
having a q., of approximately 10. A voltage of 1.5 kilovolts was
placed across the transparent conductive coating on the front
side of the VARAD type cell and the other side of the circuit was
connected to the photoconductive rods.

| Thé éinc oxide photoconductive rods were irradicated
over a.por;ioh of the rods to decrease their resistivity which
decreased from 108 ohms to 105 ohms. The uv light employed was
a B-100 Spectroline lamp located IOCm.FrOm the photoconductive
rods. Upon adjusting the Frequency.and vol tage, the illuminated
rods clearly caused a cradsparent area to form in the VARAD
suspension. The rods which had not been illuminated did not
anse the corresponding area of the VARAD suspension to open.
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A clearly outlined pattern of dots was formed that was visible
from the front surface of the VARAD suspension. The VARAD cell
appeared dark except in those areas which opened up and where

the light reflected from the ends of the photoconductfve rods

to produce a visible pattern.

' Approved For Release 2002/06/17 : CIA-RDP78B04747A002500040003-8
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F.  CONCLUSIONS

n this section of the report it has been determihed‘that

the most effective photoronductcr was

'Florence Green Seal-8 and that the optcmum paste composntwon was

60. parts of Zn0 to H0 parts oF PVA,

- The optlmum Zn0 film thlckness was. Found to be 0. 003”
Stnce this was thought to place severe restrictions on the
system, our attentlcn was turned to the rod matrix effect.

Qur experlmental results with ‘the photoconduct«ve rod matrix
effect has brought this system to the ponnt where feaS|b11|ty

has_been shown.

Approved For Release 2002/06/17 : CIA-RDP78BO4747A002500640003-8
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G. ~ FURTHER WORK PROGRAM

I. Prepare a photoconduct've matrix structure c0mpr|51ng
._Z!nC ox'de -polymer rods similtar to that shown in chure 13.

2. - Assemble the photoconductnve matrix with a dipole
layer in the device shown in Figure 13. | |
| 3r Determine the relationship between the thickness
d, d}, dy, d3, dy for the optimum cell, The overall thickness d
must be kept at a minimum to achneve-maxiﬁum'resolution. |

4. Determine tﬁe relationship between the dimensions of
the varfous elements of the structure and the operating,chafac-~
teristics of the structure: | = SRR |

U (a) Image resolution S |

(b) Chénge in optical density-of the dipolar medium

cnduced by the !ntenStty of uv light focussed upon the photo-
conducttve matrix to form an image. ‘

5. Work on the resistivity of Zn0 leyer should be repeated
with'the rod matrix ]ayer'so.as'to make sure that we have'an |
optimum result. Repeat this experiment with various propoftions
of PVA or other polymers. Measure the resistivity wifh‘about
1/¥, 1/2, 1/5 and 1/10 concentration of Zn0/PVA solids. Take
meésufemeht randomeand.oriented.

| 6. In0 incorporated into new polymers, combinations of

‘pciymersvand/or“dopants should be Tnvestigated.

" Approved For Release 2002/06/17 : CIA-RDP78BO4747A002500040003?8
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v - ORItNTED DIPOLE PHOTOCONDUCTIVE‘LAYER

A. Description

Flgure 15 shows a photoconductive layer structure
compr!sing-accncular zinc oxide crystals permanently oriented
normal to the plane of the matrix layer. The accicular crystals
are of micron or submicron dimensions. A small pfoportion of
an jonic conductor (such as lithium chlorfde) dissolved in the
transparent matrix 21, bridges the photoéonductive crystals 20,

The oriented crystal photoconductive layer shown in
Figure 15 is a more advanced and sophisticated concept than the
photoconductive rod matrix layer shown in Figure 13. This |
layer structure is more readily fabr:cated than the photocon-
ductive rod structure.

The reso\utlon of this system, uttlizing thin in-
sulatlng layers between the ortented photoconductive matrlx
and a thln dipole layer in contact therewith, should be between

a 10 and 100 l1ines per mtlllmeter
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'B.  DISCUSSION

The oriented dipole photoconductive layer approach s a

sophisticated verslion of the conduction rod matrix system which

"is covered in the previous section.

We have shown the feasibility of using conductive rods to
form an image. The orientation of a conductive dipole in a
polymer melt would givé, in effect, a simple sophisf?cated

method "in which to form a rod matrix. This d?pole;layervwbuld

‘contain many times the number of photoconductive rods than it

would -be possible to pack in any cher type of matrix,:
'-Alfhough no program has been initiated on this appfédch,
the'probébility Of obtainfhg_é 5uccessful system is eXcé}Tent;
| Sectfpn IV of this_report_indicafes that two of_fhe re-
quiréments For this apéroach are. availabfe (1) the photo-'
conductrve rod matrix does Form an nmage, (2) photoconductnve
zinc oxudes capable of alzgnment (acc:cular) has been shown to
possess a relatively high resustance}charge ratio (xx~2 and

the French Process accicular zinc oxide).
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c. Further Work Proqfam

Prepare and study a layer comprising an oriented accicular
photoconduct ive cryétal 20 in @ matrix 2}, as shown in Figure'ls,

1. in various thicknesses.

2, Wlth various composntnons.

3. W|th various rat:os oF aligned photoconductive

crystals to polymer matrix.

4.  Various progortions and types of dopants in the matrix.

" . Approved For Release 2002/06/17 : CIA-RDP78B04747A002500040003-8



Approved For Release 2002/06/17 : CIA-RDP78B04747A002500040003-8

TAB

Approved For Release 2002/06/17 : CIA-RDP78B04747A002500040003-8



R

Approved For Release 2002/06/17 : CIA-RDP78B04747A002500040003-8

Vi QUESTIONS AND ANSWERS

Q-1. If a certain level of U-V radiation is required

to ionize the molecules, then a higher level must be trans-

mitted through the film because certain losses are incurred

at the interfaces of the screen, and due to internal reflec-
tions before Ehe_radiation,reaches the dipolar layer. What

is the actual quantum‘efficiency?

A-1. The ultraviolet pulse on the dipole cell layer is

absorbed exponentially, as shown in Figure 4, The photoions
fnitfally have-an exponential distribution in space. N
For an efficient photoion layer, the layer thickness

and a concentration of photoions is established such that at

teast 99% but not more than 99.9% is absorbed in the layer.

',We can assure this by providsng suitable photoion layer thick-

ness and concentration of photoion particles. (see Section {1-B,

'p; 21). The reflection loss will occur only at the first sur-

- face and will, therefore, be of the order of 4%. The indices

of refraction of all other surfaces are approximately matched,

No consideration ‘need be given to the exit surface reflection

' loss since the ultravnofet light will be more or less totally

absorbed within the photo Iayer We can, therefore, state that

96% of the ultraviolet light will be avallable For use wuthin;w

‘the photoion layer.

The actual quantum'effleiency is another matter.

" In certain cases the quantum efficiency of the photoion substance

s known from the |iterature, The quantum effliciency and its
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reiaﬁion to other parameters'of.the,photoion layer fs.dfs-
cussed in Settion li-B p. 13. | |
Actually the quantum eff:ccency could exceed 1,
‘This is: due to the . poss;bul:ty that a suFFuc;ently strong
electruc f|e1d will cause a cascading effect once ions are
produced by the ultraviolet photon. The-cascading effect.ié“
produced by energy_pEOVided by the field which'causes'pairs
of‘ibns to collide with_séluté molecules, prdducing additiénél
‘ pairs'of ions therefrom in a chain'reaction. The extent to
' whtch the cascadcng effect occurs depends on the strength of
the applied electruc field which is a parameter of the multr-
.pltcatronrfactor.' Thls ccmp)icated effect should be investi-
_gated expertmentally. | |
Below a crttlcal applued electric field rntensnty,

the actual quantum.efficiency without the cascading effe;t,
varies wfth the‘nature‘of.the photoionic substance émpfoyéd, and
must be determined ekperiméntélly{
e-2. = What is the attenuation of the original imagery by
the screen? '_
A-2. | The orlglnal imagery which is born by ultravzo?et
1|ght is substantlally totally absorbed by the screen. Very  ‘
'lrgtle,.ff_any, ultraviolet light need pass through the Screen.-

Q-3. ‘what is the selectivity of the Ultraviolet i%%umination5

A-3, The se)ect:vnty of the ultravnolet iVlumination depends

upon the absorptaon curve of the. photc:cntc solute. These:

'absorptlon curves vary with the nature of the photoionic solute
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emptoyed and each photOton:c solute will have its own specific
'characterlst|c wh¢ch must be determ|ned experimentally.
Q-4 Will the U-V illumination control the screen to the
same degree as rt is transmrtted by the or!gtnal, ie€., is the
'system lnnear? | | | |
A=k, - Typical curves transmlttance vs. time For varnous
apblied electric field intensities for a suspension of hera-.
pathite dipoles is shown in Figure 17. The formula for this
curve. has been prevuous]y derived and glven elsewhereBl ._The
curves represent a double exponentua! variation of transmittance
with time. From the curves it is evident that a great change
in transmtttance is produced by a relat|vely small change in
.voltage.

| Figure-IS shows that the'Change in optical denefty
is appfoxfmate}y'linear'with a change in electric Field_intenf
sfty. ” .
Q-5. n Will the projected image be as shafp as one on a
conventionaicrear projection screen?
A-5. Since the order of magnitode andftheethfckness of the
photoionziayerlis the.eame'as the ofder of magnitUde of thickness
Qf.tne rear-ofojection'screen; that is, from 5 to-30:mi]s in
thickness, the projected image shoufd be as sharp as that. of

a conventional rear projection screen.
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Q-6.  The ionized material will de-ionize with time.
The de-ionization will be rapid at first since the voltage
gradient will decrease as the ions move away from the wall
surfaces toward each other, recombining as they do.

A-6. The ionized material will de-ionize with time.
The de-ionization will be rapid at first since the voltage

gradient will decrease as the ions move away from the wall

‘surfaces toward each other, recombining as they do,

With regard to the variation of ionizing character-
Istics with age and extended use, this will depend upon,thq
photochemicél system chosen. The photo-chemical system should
be chosen for.completé reversibility. Certain photochemical
sys tems are known which contain reversible ions32. The re-
versible ions are caused By change of valence or charge per
ion, Examples of these systems are the ferric-ferrous chloride

s S

systems Fe , Fe' " as a photoion. Because FeCl3 solution is

very sharp yellow and is light reactive, it is likely to be
a good reversible source of photoions, Other ionic systems

known to be reversible are:

4 ++ +4++ ++ ot +4++ + +
i, ottty o™, ottt ce , ce™ ottt ottt
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The variation of ionizing characteristics with

each and exténded use will depend upon the cholce of system
employed. As given abbve, certain systems are known to be in-
definitely reversible. They are also known to be light reactive,

| 1t s proposed to study these systems most intensively.
Various other known photoionic materials have usually been-uéed
in photo reproduction processes where the materials are used but
once, and where the matter of reversibility is unexplored,
since there has been no need for repeated use, The many such
materials which our search has uncoveredg'29 must be systemati-

cally studied for their utility for use with this system,

Q-7. Will the internal reflection of the U-V, due to the
interfaces of the screen affect the preséntation?
A-7. It can be definitely stated that internal reflectioh
of the‘ultravio1et due to the interfaces of the screen will not
affect the presentation as previously shown, The only reflection
is the single external first reflection. The ultraviolet
Yight is transmitted through the glass, the transparent conductive
layer and the photoion layer without internal reflection, The.
photoion effect is obtained by the absorption of the ultraviolet
}ight. Consequently internal reflection is not expected to be

a problem and have no effect upon the presentation,
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b
0-8. Since the screen fs a fluid, there could be thermal
gradients due to uneven heating; will this affect the pre-
sentation?
A-8B With regard to thermal gradients due to uneven heating,

let us assume that a liquid flow does occur due to such heating.
Such f}ow-would be relatively slow and would in any case
require much longer than the time constants of the photpions

or the dipoles. Hence thermal gradients will produce no

- effect provided, however, that the temperature of the fluid is
ot sufficient to cause the formation of bubbles;, or the de-
teriération of the components of the solution.

There will be no effect upon the presentation due to
thermal gradients, when the intensity of the light being trans-
mitted is below the temperature at which coagulation, deteriora-
tion or vaporization.of the fluid is effected.

Q-9. How will the electric field be controlled?

A-9. The electric field will be a uniform electric field
which is applied as a DC pulse, or as an AC field operating

at a DC level in the form of a pulse modulation of a train of
waves. |

Q-10. What will the time required for the ions to recombine
when. the field is released? |

A-10. - when the field is released the reverse field of the same
magnitude will be established within the solution. The re-
combination tihe will, therefore, be of the same order of

magnitude as the original separation time after the formation of
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the»lohs by the ultraviolet light. This Is of the order of

a few ﬁil!iseconds according to present observations and
calculations. (Figure 17). When the screen is fully open, its
transmittance is.expected to be of the order of 60-70%. This
is fairly close to that of the conventional screen, However,

in a light amplifier or light modulator portions of the

screen must absorb light rather than transmit light to create

a visible image. For example, the screen transmittance will

vary from 1% to 70%. (See Figure 17, according to the locally

appl ied field intensity).

Q-Il; Is the energy level that is required»to pass through
the film less than that presently transmitted thrdugh the film

in conventional rear projection viewers?

A-11, IE is expected that the energy level which passes

" through the phdtoion layer will be of the same order of magnitude
as that pfesenfly transmitted through the film in conventional
rear projection views,

Q-YZ. To what degree will there be migrations of the ions
over the surface of the screen - causing blurring of the image --
after the screen has been illuminated.

A-12, It is expected that the migration of the ions over the
surface of the screen sideways will be‘of the same order of
magnitude as the thfckness of the photoion layer., Therefore,

the size of the Image projected on the photoion screen is
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related to the thickness of the screen in the ratio of the
number of lines of resolution which is required. For example,
if a 1,000 line resolution is required and the photoion dipole
layer thickness is of the order of 0.1 mm (kL mils) then the
size of the screen must be 100 mm (& in.).

Q-13. " How long can an image be held without any significant
loss of quality?

A-13, The migration of ions sideways will depend upon the

side voltage gradients. It is expected that image quality will

-~gradually-deteriorate due to voltage gradients being set up

in the plane of the image by the concentration of ions in~dark®
areas and the corresponding lack of ions in the lighter areas.
Another method.is to use a large area compared to thickness in
which case the image could be held indefinitely. The deteriora-
tion of the image can be calcutlated from the known ion concen-
rrations required Fbr adjacent black and white areas and the
known mobilities of the ions involved. The image deferfofation
will be determined experimentally in Phase 1.

Methods of retaining full sharpness of the image are as
follows:

(n Utilization of cellular construction of the screen
in-whichi-the individual cells are of the same order of dimension

as photoion film thickness.
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(2) The area of the screen is made large relative to
the thickness.

(3)~ The visible image is electrically dispersed by
orientation of the dipoles during an ultraviolet image blackout.
Thereafter it is reformed again and allowed to remain so long
as image quality is satisFactofy. Thereafter it is wiped out
and the cycle repeated. This may be.dohe rapidly enough to

form a.continuously projected image.

Q-14, Does the energy from the auxiliary illumination
affect the dipole suspension? If so, how and to what degree
does ?t affect the output presentation?
A-14u The energy from the auxiliary illumination will
affect the dipole suspension only if the dipole suspension
is temperature sensitive. In the case of the herapathite
suspension the upper limit is about 7S°C. In the case of
metal dipolar suspensions the upper limit is the bqiling point
of the fluid employed. If the screen is operated below thése
temperatures, there should be no effect upon the upper presenta-
tion, _ ;
Q-15. . What will be the quality éf the output presentation
with respect io:

(a) Modulation Transfer Function.

(b) Density Range

(c) Density discrimination
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A-15 {a) In the photoion effect there is a change in
electric field intensity which is linear with the intensity
and time of the incident ultraviolet light. (See Section iy,
Equation 10) The electric field gradient across the photoion-
dipole layer is linear with a change in the energy of the in-
cicent ultraviolet light pulse. However, the corresponding
change in dipble transmittance is a complicated double ex-
ponential function of the change in electric field intensity,
while the change in optical density is an approximately linear
-function, Therefore, we can conclude that the modulation .
transfer function with respect to the dengity optical of the
visible image produced will be linear with respect to the in-
tensity of the uv light image,

(b) The fixed range will depend upon the electro-
dichroic ratio, With the herapathite dipoles an electrodichroic
ratio or density ratio of 10 or 15 to 1 may be obtained.. With
ideal metal dipoles the predicted density ratios can be up to
a maximum ideal ratio of 150 to |, but probably more practically
would be in the range of 20 to 30,

(c) The density discrimination will be a fﬁnction of
the actual parameters of the modulation transfer function given
~above,  The modulation transfer function is actually known:
insofar as its relation to the electric field intensity is

concerned,
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The electric field intensity s also known to be
related to the intensity of the incident ultraviolet light.
while these two functions are known.and both of them have
actuélly been determined experimentally, the combinatiQn
of the two have not been experimentally observed. This work

will be performed in the proposed continuation of Phase 1.
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" FIGURE |

h a light amplifler whereby an ultraviolet image'is
at?Y?zed tg modulate visible light amplifying a ph?toionic
dipole device. ' ' ' -
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o ' . .~ FIGURE 2 |
shows a cross section of a photolon layer between laminated

~ lass sheets, each laminate containing a transparent conducting
}f- - layer, and an Incident uv 1ight pulse, ‘ : :
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FI1GURE 3

shows the potential distribution across the space between the
transparent electrodes of Figure 2,

f
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“FIGURE 4

shows the ultraviolet pulse on o photoion tetl Tayer‘aﬁsbrbed
exponcntially., The photoions initially have an exponentia!
distribution in space, : ' R
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FIGRE S
shows dynamic conditions within a photoion layer. The charge
density and velocity of positive and negative ions are shown

entering and leaving a photoion layer of thickness Lz, at 2
distance z from one face of the photcuon layer




Approved For Release 2002/06/17 : CIA-RDP78BO4747A002500040003-8

SR oo v I

il CHARGE V8. TIME
-
_ CURRENT V8. TINE
V o ",voo.tm: vs.,-rm_.;_;?
e by va e -

FIGURE 6

. ty and the surface
shows the surface electrxc charge densi
current density vs. time in a photoion cell subjected 10 3

1=
‘square voltage pulse and a2 square uv Jiaght pulse.
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FIGURE 7

shows the experimental setup for the study of the photoion
effect.
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 FIGURE 8

Shdws'brldge circult in which two st ieat’
i ~ . o o ldentical
are placed, only one of which Is exposed to the uv tight

photoion cells - '3
pulse, to df??‘"ﬁ?‘sh the photoion effect from just an lon effect -
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o #gGURE 9f +M,,"t ::}.

shows an ideal dipole rod.
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 FIGURE 10

‘shows equivalent di pole.
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 WAVE, 2, OF APPLIED A.C. FIELD CQRRESPON NG
TO MAXIMUM FREQUENCY, ;‘.
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FIeURE 13

shows a pHotoconductive rod matrix and di ili
: ndu . ) pole layer utilized
as a light amplifier which is actuated by ultraviolet ]igﬁt.
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FIGURE 14

shows a rod matri§ in a hexagonal pattern and the géOmétrfc
relations for a given transm]ttance, ' B '
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FIGURE 15
13:} :ﬁ shows a photoconducttve tayer comprisi

~ conduccive d?poles n s plastic matrixngnpgrzﬁggg:ly Oriented photo-

o ‘Apprpyed qu',ﬁeI'ease',__éoozo_m7',_:1c|A-RbP78304747A00.250004000348




Approved For Release 2002/06/1 7.: CIA-RDP78BO4747A002500040003-8

«T2. }‘\j'\ ot pae 14 !f%! 17

/

VISIBLE LIGHT,

Y Silver et /f@f”/mf,,,{(,

/'77/:* Ll ot

» Frenl
‘l&SS Nlnduu.. »

2 -(’oﬁ(/a(f,«yp o
Cc:at/ng

Thin G 1ass

200 VcitS[ %

—
// //

/OKC AC\ -

& 2n “/Q/ymé’f"
Cr:at/;yn?

' / ) (ﬁ»'»c/aclw el 3 in

foo r‘Q’Bdc/( W nde.. Y
/ : / ' %“ Q“QV‘TS %

F muns e

7 | “’“”’”j D Elsy

LT

. snowsa combination phet@conéuctiva coating and dipole layer
‘actuated by uv ’Iight Image which Is utilized to modulate .

“tnel d&m.roved EM Rel

MDZIOGHT ‘CIA- RDP7SBO4747A002500040003 8



£ e

| 1

8o
16
&0
¥
e

L T

g

e

| /i&?ff(v9éan-

/. 16 AKFVQfﬂ e -

094 KV’ o

fé X "’/ ‘-',"‘-'; S

fme rn /Y///t:ecr ua(:
> B PR .‘. .‘ v ) : ‘
‘i&ﬁi&-hu~u§ &c allla Jt 1
mms 17 T

!' “‘!ESI lc‘ ! ' 'l‘ " f e ] l‘ i )l?;" i@r\ E\ A1
3 RS 3 | |

~ Approved For Release 2002/06/17 : CIA-RDP78B04747A002500040003-8

o e {! t ""’féh‘-‘.'
o b Far vaticus Q‘E& S teh
mittance VS timé ,
shous tng ttans



KRalio
¥ ¢

chrore.
i

A

b
g
o e Ta o

ilee §

¢
'

¢
3
v

e
i
1
i

B ORIS U A

i
i
Pt
?‘._N.‘;_..__,,,:____,
i
;
1

i
O
|
)
¥
1

H
F
y
t
'

A

g,, ~Flsctroalic

qi! ua

- '”‘l&ht?’“'t:véiiic;ﬁﬁnn
A wtrent
dﬂ ‘s‘Hh

[i' f}e/d

4

il
y
i3

as xa 12 /4

X} t)*eﬂﬁté

pdlallﬂl eléatrndirhrult ral :
th To kv/au plnttud for an heenpatntté dlpa}
@ fad lu W AL [uzl.b ’

Vo)

Y

i 1 \u«; ;u

1.6 IB 20

womep- = a—te

lwttrnz

s~




Approved For Release 2002/06/17 : CIA-RDP78B04747A002500040003-8

TAB

Approved For Release 2002/06/17 : CIA-RDP78B04747A002500040003-8



-
STATINTL
;{\

' Approved For Release 2002/06/17 : CIA-RDP78B04747A002500040003-8

August'SIst, 1964

__PROPOSAL

" This proposal relates to the development QF a 1jght

amplifying screen utilizing dipolar suspension.

b, Description of the Device

The properties of dipole @artic]es in suspension form

"are described in the enclosed pamphlet entitled "Dipoles and

Their Application to Graphic Arts", These dipole suspensions
form the basis for the device which is described as follows:

] is a projector projecting an image in one portion of
the spectrum with light 2, which for example may be rich in the
u}travioiét of hear blue portion of the spectrum. This light

source is of a relatively low intensity. The image is projected

‘Upon a dipole screen generally indicated as 3, the operation of

which is described more fully in connection with Figures 2 and 3.
The projector 4 projects a higﬁ intensity 1ight beam 5

through the cutoff filter 6, Thé function oF the cutoff filter
6 is to eliminate the ultraviolet or near blue portion of the
spectrum from the light beam 5. The light beam 5 carries no
image, A complimentary light cutoff filter 7 is also placed in
front of the projector 1 so as to e}iminate-any light other than
the ultraviolet near blue light which is practically invisible,

The dipole screen is constructed as shown in Figures 2 and
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Referriné to Figure 2, there is showun the condition of the
dipole suspension 10 in oriented state;‘normal to. the plane of
the screénAE. A neutral molecule 11 is shéwn just prior to the
impingement of an ultraviolet ray 12. After absorbing the ultra-
violet ray iZ, the neutral molecule 11 splits into positive and
negative ions respecti?ely 13 and 14, which migrate to the faces
15 and 16 of the dipole cell under the influence oF_aﬁ electrical
?ie?d 17 shown in Figure 2.

" After the ions 13 and 14 have moved to the cell walls 15
and 16. the electric field 17 is now shielded and the space
_occup{ed‘by the dipole tayer 19 is free of the electric field.
and the dipole particle 10 in Figure 3 is shown in its. random
position. The relaxation to the raﬁdom position.oécufs by
Erownian motion in the field free dipole layer 19.

Thus, in éreas which are strongly illuminated by'ultfaviolet
light 12, the dipole particles are disoriented. |f the dipole
~-particles 10 are abéofbing when disoriented and tra nsparent -when
oriented, and if the backing layer 20 has a white diffuse reflectivity,
then those areés which are illuminated will appear'dark.band those |
areas which are not {lluminated will appear white as a result of
the reflection of the secondary beam 5 from the projector k4,

Beam 5 carries no image upon incidence but will produce
amplified negative image of the projected beam from-the'projector .
Therefore, if a film 21 passing through the projector 1 is a
negative film, its positive will be -produced upon the dipole

amplifying screen 3.
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Conversely, if reflective dipoles 10 are utilized and the
backing screen 20 is a black abéorbing screen, then a positive
film 21 projected upon the screen 3 and illuminated by the uniform
tight source § will feproduce an amplifiéd'pesitiv@ imaqge.

It will be understood that while the reflective system as
shown in Figure | reqhires-that the obsérver‘s eye be at position
24, that alternatively it will also be possible to utilize a
transmittance system where-the dbserver's eye or cémera may be
located in position 25, |

il Work Proqram'

The putpose of the work prdgram will be to establish - the
feasibility of the above concepts and to set up the equipmént
essentially as shown in Figure 1.

Projectors | and 4 and the filters 6 and 7 are conventidnél,
The dipole screen as shown in Figures 1 and 3 have also been re-
duced to practical.hardware and_ére demonstrable at the present
~time and will exhibit a large area uniform change responsive. to
an applied electric potential.

The work program will concentrate upon, therefore, the sfudy
of suitable mo]ecﬁles illustrated as 1 in Figure 2 and incor-
porated within the layer 19. These molecules will be chosen
from well known photochemical speciés'which are capable of being
split when subjected to uItraviolét lTight but which wi-kl recombine
in the dark,

Numerous such species are known and primarily include transi-
tion metal halidé salts or the acid halides which will be dissolved
within the dipole suspension in such quantity as to be suitable

for masking the electric field when illuminated by ultraviolet
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jight, but which will recombine in the dark.
These studies will initially be performed in laboratory

cells and rate studies will be taken of the aiignmeht and dis-

“alignment of dipolar materials in the presence of ions combined

and uncombined. The rate of disorientation of the dipole part|cles

wi¥1-bé affected by the concentration and the splitting apart of

the ions by ultraviolet light and the rate of orientation of the

dipoles will depend on the rate of recombination of these ions.

The present equipment which

includes a unique optical bench'eqﬁipped with illuminating source,

‘phHotosensors, logarithmic amplifiers and memoscope and camera, is

essential to the effective prosecution of this work and is already

~available in operating condition and is presently being utilized

part time on other projects. The necessary electrical equipment
is also available. Therefore, with only a relatively small ex-

penditure for chemicals and glass ware, we will be able to execute

-.this program with a mtnvmum of delay and on]y a.-modest. .reqguirement

of the purchase of additional eguipment.

The work is to be divided into two phases.

phase | will include the studies Qf the dipolar photoionic
phenomena to establish the necessary parameters.

Phase |} wii] comprise the construction and test of a
sYstem shown in Figure 1.

The work on Phase | will continue for six months, but it
is hoped that at the end of four or five months progréss will be

sufficient to make a demonstration based upon Figure 1.
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TOPIES PO ER COYEORED 1IN THR FRASIRILITY 93UDY OF

STATINTL A LIGHT AMPLIFYING SCREEN

e e A e st e

This contrect's main goel 1 to dstermine the forsibility of utdlisimg
& dipoler suspeheion in the development of sn advsnced rear projection sereen.

In meking this deterrdnation certain guesticns must Le snswered; me of which
&pre ligted 'belma* :

FPUSSNTE N

1. If & certsin level of U~V rediation is required to ionise
the moleculea, than » higher level must be transmitted through the
f1ilm beceuse cortaln losses ere inowrred ot tbe Interfuces of the
acreen, and due to internsl refleactions beftre the radietlon reeches
the dipolsy leysy. Whet is the sctusl gqusvium =fflciency?

2. Whet is the stiemtustion of the ariginel imegery by the

screen? ‘ -
3. Whet is the selectivity of the Ultroviolet illuminstion?

., Will the .¥ inmmmiw s:ﬁmm}. +he soreen to the w

degree gs it is transmitied ‘b;sf the ariginel; L.e,, is the system |
Lnesr,

5. Will the mw&;&ﬂ &mga be sg atwrza 85 OOe On 8 o~
ventionel resr projestiom scorean?

6. Will the ionized materiel de-ionize with respect to time;
furthermore, vill its :I.zmi&ing chapacteristics vary with ege s sad/or
extonded use. .

oy AR AR R iy A SRR 5 i e R o b iz AR T

T. Wiil the jutepnal mﬂmﬁiw of the U-¥, due to the inter-
fzees of the seremn asfftct the mmmim. _

pre—

8. Bince the scvreen is o ﬂuié, there could be thersel gredients
due 10 uneven heaﬁ:;ng, vill this sffect the presentution?

e

g

9. How will the slactpla 'ﬁ&lﬂ ba contyplled?

10,  What will the time roquired for the ww tp recanbine ’ i
when the fleld 1z relessed, .

11, Is the energy lﬂvﬁl that 1s reguired ta-pﬁis through the
filn less then thet preseptly tronsmitied through the £ilw i com-
vantionel recr projectiay viewversi
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o 12. To vhst degree vAll there be migretion of the ions over the _
surface of the screen -~ ceuaing M.m‘rmg of the imege - after the Lo
aureen has been 1llumineted?

‘13, How long cen ou imwge be held without eny sigeificent loss
of quelityd

_ 14, Doss the emergy from the suxiliory 1llimination affect the
dipole suspenzion? If so, how vm ‘to whst dogree does 1‘& affaert the
output presentaticom,

15, Whed w11l be the que 3.1ty of the subput maem@tim with
reagnect to:

e. Modulatien Tressfer Punction

b. Denslty ronge

¢,  Density discriminetion.
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THE VARAD PANEL AND ITS,HlSTORY

1. History

Everyone is familiar with the TV antennae seen on almost

.every roof, which are dipoles of large size. The signal 'strength

from such an antenna varies from zero to maximum depending

on direction and wavelength.

In the years 1930-194] STATINTL

the development of polarizing materials, which

involves the interaction of light with linear electronically

eonduct ing molecular structures, , e

An 19&6, theorized that a small dipole antenna-like . .

parttc!e wou ld tnteract with visible light, and that a medium

comprising myrlads of these antenna- llke partlcles suspended

within a fluid would orient in an electric fseld thus maksng

possible the varjation of light radiation under electrical con-
trol. |

There is cbnside}able literature'éver the past 100 years
concerning the electrd-optical effects of assymetric pért%cies
in fluid suspension. However, no electro- optccal medium useful

for wide-scale appllcatnon had ever been achieved.
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The concept of the dipole-antennae-particle suspensions

geve promise of a solution to the problem of a useful electro-

“optical medium, and its parameters were predicted from electro-

magnetic antenna theory. Methods of preparation of dipole
suspensions were devised to meet these parameters. Laboratory
work .on these preparations provided experimental data and proto-

types. The VARAD panel was thus created and a new era in

“electro-optics commenced.

2. Contracts
Following a proposal made to the Navy Department in 1959,
a contract was obtained to study the feasibility of utilizfng

dipolar suspensions in nuclear flash protection.‘ At the same

‘time two other approaches to the nuclear flash protection prob-

‘Yem were proposed One approach

utilized the electro-optical crystal shutter, and another’ a
self-actuated photothermotropic (VADO) film. Preference was
given'to the VADO film approach which has been funded by con-
tracts from 1959 to the present time,.

The work done on dipoles appeared promising for applica-
tion to photographic shufters. A contract was subsequently
let in 1960 with the Photograph?c DiQision of the Bureau of
Naval Weapons, Department of the Navy, for a dipole shutter
sultable for camerasz. while considerable progress was made
on this contract, certain problems remained and no follow-on

contracts were recelved.
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From June 1, 1959 to May 31, 1963, the government funded

to per-

form Research and Development in the field of VARAD,

It was the opinion of the management

the VARAD panel was an Important development

in electro-optics with far reaching consequences, and that

‘additional work would produce a practical result,

Therefore, when the government contracts were not extended,

the managerment decided to supply.

its own funds to further the development of VARAD. From the

Ist day of November, 1963, to the 30th day of September, 1964,

the corporation in line with this opinion, expended

on research and prototype déve?opment in the field of VARAD,
The decision was sound. Breakthroughs achieved within the past
year have broucht the VARAD.panel to a stage of development .
where it may now be utilized for many applications. This work
culminated on October 6, 1964, When a successful 12" x 12"
prototype VARAD panel was demonstrated to representatives of
the Army, Navy and Air Fofce. A 24" x 24" VARAD panef was also

demonstrated to representatives of the Press on November 30,

1964, to Security Analysts on November 23, 1964, and to re-

presentatives of industry on December 2, 1964, As a direct

result of these demonstrations, the corporation has obtained

government contracts In the fileld of VARAD
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TECOM FILMS

TRANSPARENT ELECTRICALLY CONDUCTIVE COATINGS

The TECOM transparent electrically conductive coatings

are presently available

in laminations only.

Light Transmittance Characteristics

The TECOM film has close to 100% light transmittance
from 400-1400K, except for usual reflection losses at the
air interfaces of the lamination., See graph of Light Trans-
mittance vs. Wavelength from 300-2600y.

Electrical Characteristics

The specific resistivity TECOM films, Type TCCA, is ap-
proximately 10 ohms-cm.

This coating can be provided most readily in the form of
a film approximately 1 mil thick, which has a resistivity of
about 4000 ohms per square.

In certain applications where lower resistivities are

required, the following Table may be helpful:
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TABLE |

B ]

TECOM F ILMS
10 ohm-cm

TRANSPARENT CONDUCTIVE COATINGS - TYPE TCCA

.

_mils - ohms per square

mesen

Thickness Res istance

] 4000
2. | 2000
5. 800
0. 400
0 200

For resistive heating applications where large current
densities are employed, an alternating current is required to
avoid electrolytic breakdown at the connecting terminals.

Connecting terminals are embedded in contact with the
conductive coating at the edge.

Laminations

Laminations of TECOM film may be made between glass, or
plastics such as plexiglass, CR39, and the like,.
Uses

Laminates having thin TECOM films are useful for voltage
operated devices in which the current requirements are small,
and in the microamp to milliamp range. Laminates having thicker
TECOM films, or multilayer laminates are useful for resistive

heating panels.
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l. Electro-0Optic Devices

Electro-optical devices often require highly trans-
parent electrodes to decrease light losses, In such cases
TECOM laminates are essential for efficient light transmission.

2. Transparent Resistive Heating Panel

A TECOM laminate having TECOM films a thickness
of 0.10" or more, has a resistance small enough to be useful
as a heating panel of high visibility with an applied voltage
of the order of 100 volts.

Applications include transparent heated windshields,
helmets, visors, etc. to reduce fogging and icing.

The application of TECOM laminates as a high trans-
mittance transparent conductor to heated transparent panels

maximizes visibility at night or in difficult seeing conditions.
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